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STRUCTURAL INTEGRITY EVALUATION OF AW TANK FARM 
DANGEROUS WASTE STORAGE TANK FACILITIES 

1.0 PURPOSE 

This report provides· a structural integrity evaluation of AW Tank Farm 
dangerous waste storage tank facilities in support of the Integrity Assessment 
Report that is required by WAC 173-303-640(2). The Integrity Assessment Report will 
bring together (with the results of this report) the results of investigations on 
waste characteristics, corrosion protection, tank system age, tank system 
inspections, and leak tests. 

2.0 OBJECTIVE 

The objective of this report is to evaluate the structural integrity of the AW 
Tank Farm dangerou~ waste storage tank facilities with respect to the codes and 
standards used to design, construct, and operate the tank system. The structural 
integrity of the tank facilities ensures that the tank system will not collapse, 
rupture, or fail from structural fault or lack of strength under normal operating 
conditions. 

3.0 SCOPE 

The structural integrity evaluation is performed on the principal structural 
components of the tank system that are judged to be compliant with 
WAC 173-303-640(2)(WHC-SO-WM-WP-057). 

1. Tank 241-AW-101 

2. Tank 241-AW-102 

3. Tank 241-AW-103 

4. Tank 241-AW-104 

5. Tank 241-AW-105 

6. Tank 241-AW-106 

l 
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7. 241-AW Clean-Out Boxes {COBs) 1-12 and 30 

8. Slurry Lines 162 through 169 (161 is out of service), 509 and 510 

9. 

10. 

Supernatant Lines 219, 220, 261-272, 274, 609, 610, V-021, V-022 and V-023 

Drain Lines 334, 335, 361, and 369 

11. Process Waste Lines 471-476 

12. 241-AW 101-106 Central, Annulus, Drain and Feed Pump Pits 

13. 3-in. Drains to Central Pump Pits OlA, 02A, 03A, 04A, 05A, 06A 

14. 3-in . Drains to Annulus Pump Pits 018, 028, 038, 048 , 058 , 068 

15. 3-in. Drains to Feed Pump Pit 02E 

16. 3-in . Drain to Drain Pit 020 

The description of the structural components for the reference tank system, 
previously listed •items 1-16, is given in the Integrity Assessment Plan for AW Tank 
Fann (WHC-SO-WM-WP-057) and in the Facility Description Manual for 241-AW Tank Fann 
(FDM-T-200-00001, Rev. 8). The tank system's structural integrity is evaluated 
through an investigative review of the documents of record (admissible records) 
controlling the design, procurement, construction, operation, and supporting 
analyses of the tank system structural components . The principal areas of 
investigation are: 

• Design Criteria 

• Design Specifications 

• Procurement Specifications 

• Construction Specifications 

• Design Analysis 

• Operational Specifications and ·Tank System Performance History 

• Current Design Practices. 

2 
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Emphasis is given to evaluating the structural integrity of the double-shell 
waste storage tanks . 1 

1Double-shell AW Farm radioactive waste storage tanks are fabricated as 
three concentric tanks. The free-standing primary tank contains the waste 
material. The secondary tank, five feet larger in diameter than the primary 
tank, creates a surrounding space called the annulus. The completely enclosed 
annulus serves as a containment barrier if the primary tank should leak. The 
annulus is ventilated and constantly monitored for evidence of primary tank 
leakage. The third tank is a concrete shell that encloses both primary and 
secondary tanks. 

3 
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The investigative process is based on reviewing documents that contain 
information pertinent to the structural integrity of the AW Tank Farm. References 
to support the structural integrity evaluation are obtained from several sources. 

Records Holding Area--The Records Holding Area maintains quality assurance 
documents of completed projects. Documents for the design, procu~ement, construc
tion, and some of the post construction analyses for AW Tank Farm, Project B-120, 
are held in the Records Holding Area files . 

Central Files--Central Files maintains all documents 
distribution internally, externally, and sponsor-limited. 
project (AW Tank Farm) des ign analysis, construction, and 
are held in Central Files . 

cleared for release or 
Some documents for B-120 

post construction analyses 

Tank Farms Surveillance Analysis and Support (TFSAS)-- TFSAS maintains operat i ng 
records for the tank farms . The operating records consist of measurements of 
operating parameters, operating specifications and standards, operating variances, 
noff-normal" reports, and change notices . In general , TFSAS maintains a 
quantitative and descript i ve chronolog i cal history of operations at the AW Tank 
Fann. 

Other sources of data include: 

• Contractor/Vendor Information Files 
• 

• Waste Infonnation Data System 

• Environmental Data Management Center 

• Pacific Northwest Laboratory Library 

• Engineering Drawing Files . 

The Tank Fanns Information Center (TFIC) is used to interrogate those data, 
reference, or document sources by direct reference or keyword title searches. By 
that means, historical documents were retrieved. 

In the following report, first the design criteria and construction 
specifications for the AW Tank Farm are presented. Administrative controls and 
operating history of the farm are also reviewed. Compliance to the design criteria 
by specifications, national codes or standards and studies, 

4 
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and operational limits are shown in tables. Second, whatever structural analyses 
could be found are cited and discussed for each of the facilities within the scope 
of this report. Third, the effect of design code and criteria revisions is 
discussed for the key parameters controlling the AW facility design . Last , the 
conclusions are presented. 

s 
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Design of the 241-AW tank farm was started in February, 1976 and completed in 
April, 1977. Construction activity was started in March, 1976 and completed in 
August, 1979. Operational testing of all mechanical and instrument systems was 
completed and the tanks put in operation in July, 1980 . 

5. 1 DESIGN, CONSTRUCTION AND OPERATION 

5. 1. 1 Desi gn 

Design of AW tank farm facilities was performed based on preliminary conceptual 
design report (ARH-CD-177), functional design criteria (ARH-C0-362), and a 
conceptual design report (ARH-C0-377). The functional design criteria (FDC) 
document cited the regulations, codes, and standards to which the facility must be 
designed and constructed. In general, the FCC cited through reference the latest 
edition of Occupational Safety and Health Standards, and "national consensus" codes 
and standards as developed by American Society of Mechanical Engineering, American 
Concrete Institute, American National Standards Institute, and the Institute of 
Electrical and Electronic Engineers. As in 1975, that practice has been and i s 
continued in FDCs today. The FDC also gave the principal design criteria. The 
storage tank design criteria are given in Table 1. By designing the tank system to 
those criteria, structural compatibility with the stored waste is ensured. 

The conceptual design report was followed by the design, procurement, and 
construction specifications . 

The principal documents that controlled the design, procurement, and 
construction of the tank farm facilities were the following: 

• B-120-Cl, Construction Specification For the 241-AW Tank Farm 
Site Preparation 

• B-120-C2, Construction Specification For the 241-AW Tank Farm Excavation 

• B-120-C3, Construction Specification For the 241-AW Tank Farm Foundations 

• B-120-C4, Construction Specification For the 241-AW Tank Farm Primary and 
Secondary Steel Tanks 

• 8-120-CS, Construction Specification For the 241-AW Tank Farm Concrete 
Tank Shells 

• B-120-C6, Construction Specification For the 241-AW Tank Farm Backfill 

6 
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• B-120-C7, Construction Specification For the 241-AW Tank Farm Completion 

• 8-120-01, Design Specification For Primary and Secondary Steel Tanks 
241- AW Tank Farm. 

Those documents cited national codes and standards such as ASME, Section VIII, 
Division 2, ACI 318, ASME 831.1, and Hanford Plant Standards as requirements for 
materials, design, and construction practices . 

Before 1975, seven double-shell dangerous waste storage tanks had been de
signed, constructed, and operated in the AY-, AZ-, and SY-Tank Farms without 
significant problems. To increase conservatism in tank design, the following 
improvements were made while utilizing the basic design of the previous double-shell 
tanks . 

1. A waste tank bottom flatness tolerance was developed to reduce localized 
stresses in the tank bottom. 

2. A higher strength steel was used for both the primary tank and the· 
secondary steel liners. The design temperature was raised to 350° F from 
250° F for the previous tanks because high temperature evaporation 
processes were being considered. The primary and secondary steel tanks 
were fabricated with ASTM A-537 , Class I carbon steel plate. On previous 
double-shell tanks constructed at Hanford, ASTM A-516 and ASTM A-515 
steels were used . The yield strength of ASTM A-537 steel at 350° F (177° 
C) is 39,000 psi (2.7 x 103 kg/cm2) while the yield strength of A-516 and 
A-515 steel is 30,000 psi (2.1 x 103 kg/cm2

) at 350° F (177° C). 

3. Tank bottom plate patterns and fabrication sequences were designed to be 
less susceptible to fabrication deformations to reduce local stresses . 

4. Airflow through the annulus for cooling the primary tank was increased. 

5. Dome strength was increased by providing more J-bolts in the dome. 

6. More reinforcing steel was installed in the concrete dome for resisting 
thermal stresses. 

7. More comprehensive analysis based on the expected operating conditions was 
performed. 

7 
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To establish the double-shell tank design bases or methodology, several 
national codes were reviewed and none were entirely suitable for the design of tanks 
to store radioactive wastes at the Hanford Site. It was determined that Section 
VIII, Division 2 of the ASHE Code would provide an adequate basis for documentation, 
design, fabrication and inspection (see Appendix A) of the double-shell tanks. That 
portion of the ASME code provides for tank design by analyses. The design 
specification, 8-120-01, was written with the ASME code as a basis. Construction 
specification B-120-C4 was written for the primary and secondary steel tanks and 
construction specification 8-120-CS was written for the concrete shell. 
Construction specification B-120-C4 imposed additional restrictions or criteria on 
the ASME code allowables . 

Construction specification B-120-C7 was written for the other reinforced 
concrete structures, central-, annulus-, feed-pits, etc., and the process piping . 

Table 2 shows where the design specifications, construction specifications, and 
other studies satisfied the design criteria requirements for the double-shell tanks. 

0"1 5.1.2 Construction 

During construction of the double-shell tanks, tank system components that 
could affect the i~tegrity of the tanks were examined for compliance with those 
specifications (B-120-01, 8-120-C4, and B-120-C7) according to inspection 
requirements in the construction specifications. Results of the inspections were 
kept in daily logs, summary checklists, detailed daily checklists, and test reports. 
These results were submitted to the project file as required by an inspection plan. 
Where non-conformance with specifications was identified, the problems were resolved 
before proceeding with construction. 

5.1.3 Operation 

As construction of the tank system was completed, specifications and standards 
were written to define process and operating limits that comply with the design 
criteria. The specifications and standards {operating specifications or process 
specifications) for waste composition, liquid level, dome loading, pressures and 
temperatures were similar to existing 241-AY and 241-AZ double-shell tanks 
{RHO-HA-151, Section 0, RHO-HA-151, Section G}. Operating guidelines were estab
lished for radiation levels in the ventilation air, temperatures in tank interior, 
temperatures in the structural concrete, fill levels, etc. (see Table 3}. The 
operating parameters were constantly monitored. 

8 
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When operational limits2 are approached or exceeded, the facts are reported as 
an "off-normal condition/event report," or an "operating limit deviation report." A 
review of historical reports showed that the design criteria for the double-shell 
tanks have not been violated and that no leaks from the primary containment system 
occurred due to structural failure under normal conditions. 3 

At present, operating specifications for AW Tank Farm are given in 
OSD-T-151-00007. Surveillance data of operating parameters (criteria) is analyzed 
as per Westinghouse Hanford Company approved procedures by Tank Farm Surveillance 
Analysis and Support (TFSAS). The surveillance data is analyzed for anomalies, 
trends, and departures from steady state. Reporting on these events is controlled 
by Westinghouse Hanford Company approved protedures for "occurrence reporting" by 
the degree of significance. Surveillance data is reported by TFSAS in quarterly 
reports. Through the operating specifications and surveillance reporting the tank 
farm is under rigid administrative control. 

A review of the control manuals, procedures, reports, and operating procedures 
gave strong evidence that the tank system design criteria will not be violated in 
the future. 

Operational safety aspects of AW tank farm double-shell waste storage tanks 
were analyzed in detail and incorporated into safety analysis reports (ARH-C0-719 
and SO-WM-SAR-016). Those reports were reviewed; no problems relating to the 
structural integrity of the tank system were identified. 

5.1.4 Other Considerations 

Some of the Tank Farms 28 double shell tanks store waste that retains the 
hydrogen gas generated in the waste and then periodically release the gas. There is 
concern that upon release of the hydrogen an explosive gas mixture may exist. AW
Tank Farm double-shell tanks are not known or suspected of retaining hydrogen gas 
(WHC-EP-0377). On another issue, some tanks contain ferrocyanide salts that may 
lead to explosive conditions. AW-Tank Farm double-shell tanks do not contain 
ferrocyanide salts (WHC-EP-0422). 

20perational limits are set below design criteria so that corrective 
action is taken before design criteria are exceeded. 

3The primary carrier pipe in slurry line 161 was damaged and taken out of 
service after non-neutralized waste was transferred through it; secondary 
containment was not breached. This was an unusual occurrence caused by 
violation of operating procedures that has since been controlled through 
corrective action (SD-WM-SAR-016). Slurry line 161 is not in service and it 
is not part of Part B permit application for Double-Shell Tank System 
Dangerous Waste. 

9 
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Analyses of the primary and secondary steel tanks with reinforced concrete 
encasements were conducted by Basic Technology, Inc . , as tank designer for U.S. 
Steel, and URS/John A. Bl ume & Associates, Engineers . 

Basic Technology. Inc. Tank Analyses--The design speciftcation , B- 120-01 , 
required the tank designer, Basic Technology, Inc., to determine the structural 
integrity of the tanks during construction for an operational life of 50 years . The 
following loads were analyzed . 

Construction Phase Loads 

• Wind loads 

• Stress relief 

• Hydrostatic test loads 

• Concrete placement loads. 

Operat ional Loads 

• Liquid level cycling (fatigue) 

• Thermal cycling 
• 

• Thermal growth restraint 

• Static loads 
- Internal ullage space pressures 
- Tank contents static head 
- Dynamic loads (safe shutdown earthquake) . 

The requirements for the stress analysis were as follows : 

1. The stress analysis techniques to be employed were in accordance with 
those established by ASME Section VIII, Division 2, Appendix 4. 

2. The maximum allowable stress intensity was defined in ASME Section VIII, 
Division 2, Appendix 4, except as per B-120-C4 that imposed the following 
additional constraints: 

10 
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a. The principal tension stresses on the inner surface of the primary 
tank should not exceed 0.9 times the ASME Code allowable yield 
strength of the material at the applicable temperature when subjected 
to operational loads during its service life. 

b. The principal stresses in the primary tank should not exceed 0.75 
times the ASME Code allowable yield strength of the material at the 
applicable temperature when subjected to construction loads. 

3. The stress analysis of the tanks is based on the construction loads or 
load combinations listed below. 

a. Wind loads acting alone on primary tanks. 

b. Wind loads acting alone on secondary tanks. 

c. Wind loads and stress relief loads acting on the primary tanks. For 
this load condition, the designer verified that the stress relief 
operation would not result in any permanent deformation that would 
cause the stress levels to exceed the allowable when the tank is 
subsequently subjected to the operating load. 

d. Wind loads and hydrostatic test loads acting on the primary tank. 

e. Concrete pour loads acting alone. 

4. The stress analysis of the tanks was based on the operational load 
combinations listed below. 

a. Thermal growth restraint loads plus static loads acting on the secon
dary tanks. 

b. Thermal growth restraint loads plus static loads plus dynamic loads 
acting on the primary tanks. Liquid level cycling loads and thermal 
cycling loads were evaluated and included with the other loads listed 
in this subparagraph. 

The results of those analyses were documented in a stress report (RHO-R-18} 
certified by two registered Professional Engineers competent in the field of storage 
tanks and/or pressure vessel design. The results of the seismic analysis were 
presented separately in a supplement design report (RHO-R-19). 
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URS/John A. Blume & Associates, Engineers• Tank Analyses--Since 1971, URS/John 
A. Blume & Associates, Engineers (URS/81ume), under contract to Vitro Engineering 
Corporation (Vitro), had been conducting studies using the finite element method of 
analysis of the waste storage tanks at the Hanford Site. The first of these 
studies, gravity and seismic load analyses of the 241-AZ tanks, was conducted in 
1971, and the second, analyses of the 241-SY tanks for gravity, seismic, and thermal 
loads, was conducted in 1974. In 1976, URS/Blume began studies of the 241-AW tanks. 
In these finite element studies, a single double-shell tank and surrounding soil was 
modeled with axisymetric elements. The effects of neighboring tanks and non
axisymetric soil profile were ignored. With these fundamental approximations and 
assumptions, the computed gravity and seismic results were expected to be 
conservative. The finite element model was driven by an acceleration time designed 
to produce a response spectrum equivalent to the safe shutdown earthquake design 
spectrum (RHO-C-60). Those studies were conducted in four phases. 

• Phase I consisted of a preliminary structural review of the 241-AW tanks 
proposed at that time. Although the proposed tanks were essentially 
identical to the existing 241-AZ and 241-SY tanks, the differences in 
design criteria used for the AW tanks prevented the results of the 
analysis of the AZ and SY tanks from being directly applicable 
(ARH-R-218). 

• Phase II included more detailed analyses of the proposed 241-AW tanks for 
long-term dead, live, and thermal loads. The tanks were also analyzed for 
their ability to withstand the safe-shutdown earthquake (SSE) ground 
motions (ARH-R-219). 

• Phase III analyses were of various details of the 241-AW tanks, 
particularly the steel tank knuckles and the concrete tank connections. 
Phase III also included an update of the previous analyses (RHO-C-17). 

• Phase IV consisted of analyses of the 241-AW tanks for new design 
loadings and an investigation of the possibility of buckling and yielding 
of the steel plate of the primary steel tanks under negative vapor 
pressure (vacuum loading) (RHO-C-60). 

In Phase IV, the primary steel structure of the 241-AW tank was analyzed for: 

• The hydrostatic loads and the hydrodynamic loads due to the safe shutdown 
earthquake for a liquid level of 35 feet, 2 inches and a maximum specific 
gravity of 1. 7. 
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• The thermal loads due to a liquid level of 35 feet, 2 inches and a maximum 
liquid temperature of 350° F. 

• The loads due to relative displacements at the top and bottom supports of 
the primary steel structure induced by thermal-creep displacements in the 
tank's concrete shell. 

• The loads due to internal negative pressures (vacuum loading). 

The results of the previous thermal cycling and creep analyses, as well as the 
seismic and gravity load analyses, were used in the Phase IV analyses. To analyze 
the effects of thermal creep, the temperature gradient for the higher liquid level 
was developed proportionally from the old data. 

For all the loads, the longitudinal and circumferential stresses throughout the 
primary steel structure, the stress intensities, and the magnitude and location of 
the maximum stresses were calculated. 

Another task for Phase IV was to investigate the problems of buckling and 
yielding in the steel pate under vacuum loading. For that analysis, the dead load 
of the primary st~l structure was considered, and the tank was assumed to have 
three inches of water and at an ambient temperature of 70° F. The longitudinal and 
circumferential stresses throughout the tank, including the flat plate, for various 
vacuum loading conditions were calculated. 

Phase IV Conclusions and Recommendations {RHO-C-60): 

"The stress intensities calculated for the primary steel tank were, in 
general, well below the allowable values. However, under the long-term 
and seismic loads, the computed stress is over the value of the yield 
stress at the upper knuckle . When seismic loading is not considered for 
the upper knuckle, this stress is reduced by as much as 60 percent. The 
lower knuckle region also showed stress value that is over the 39 ksi 
yield value at 350° F when a rigid support was assumed. Such an 
assumption, however, is very conservative and will give the upper bound 
stress value near the lower knuckle region. If an elastic support is 
assumed, stresses are found to be quite below the yield value. 

It has been determined that a potential for buckling exists at the tank 
base. To study this buckling problem in greater depth, it is recommended 
that a nonlinear large displacement approach be used to rigorously 
consider the buckling phenomena . In such an approach, the nonlinear 
structural behavior between the primary tank base and the insulating 
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concrete should also be adequately modelled by nonlinear gap elements. A 
suitable computer program should then be chosen which can capture nonlinear 
structural responses with large displacement formulation for the buckling 
analyses." 

For the concerns identified in the Phase IV analyses, no follow-on structural 
analyses were discovered. At this time, additional structural analyses are planned 
(see WHC-EP-0403). These new analyses will evaluate double shell tank interaction 
during seismic events, temperature and pressure induced buckling, and the effects of 
new seismic design and evaluation guidelines. This is done as part of Tank Farms 
continuing self-assessment . 

6.2 241-AW CLEAN-OUT BOXES (COB) 1-12 ANALYSES (ITEM 7) 

. The boxes are 2 ft outside diameter cylindrically shaped and constructed of 
carbon steel plate ASTM A36, 1/4-in. thick. The floor plate is 3/4-in. thick ASTM 
A36, and the cover is 12 gauge carbon steel sheet metal ASTM A569. The riser is 3 
ft-12 in. long Schedule 40 pipe ASTM A53. 

The clean-au~ box assemblies were analyzed per ASME Section VIII, Division I 
for a hydrostatic test pressure of 90 psi and found to be adequate (see Appendix 
B4

). The 2 in. encasement lines connecting the clean-out box assemblies to the 
process lines were investigated for thermal stress using the criteria outlined in 
ASME B31.1, paragraph 119.7.1, Section A.3. The encasement line design was found to 
be adequate for a temperature of "340° F. 11 The 1 in. flush lines located inside the 
clean-out box were modified (source in Appendix B) . 

The clean-out boxes were taken out of service (source FOM-T-020-00002, Rev. 
A-1). For further discussion, see WHC-SO-WM-WP-057, Section 5.3.4. 

6.3 PROCESS PIPING AND DRAIN LINE ANALYSES 
(ITEMS 8, 9, 10, 11) 

Design and analysis of the process piping was done as per ASME B31.1 1977 
edition. All process pipelines are pipe-in-pipe, Schedule 40 carbon steel except 
for V-021, V-022, V-023, and SN-274, which are Schedule 40 stainless steel lines 
(primary) encased in Schedule 40 carbon steel lines (secondary). 

4COB 30 was not explicitly analyzed, but it is similar to COBs 1-12 and, 
therefore, could be qualified by similarity. 
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Process p1p1ng is used for two purposes: transporting product from the 242-A 
Evaporator to the tanks, and transferring material between tanks. 

The process piping system description is given in FDM-T-200-00001. All process 
lines have a minimum average slope of 0.25 percent to assure proper drainage. The 
primary lines are encased with a secondary pipe (encasement) as an added precaution 
against leakage to the environment. All piping is designed to accommodate thermal 
expansion. The encasements are sized to permit movement of the primary line. 

The process piping is all full-penetration butt-welded according to qualified 
(approved) procedure by certified welders. After fabrication, al] welds are 
visually, dye-penetrant, and radiographically inspected. In addition, all piping is 
hydrostatically tested at 1-1/2 times the design pressure. 

After all pipe fabrication is completed and accepted, the p1p1ng is covered 
with a minimum of 2.5 ft. (0.76 m) of earth to provide radiation shielding. -,.,;-

ch Thermal analyses and seismic analyses were performed on typical process p1p1ng 
and drainline configurations. A description of the analyses and results is given in 
Appendix 8. The following piping was not specifically addressed in the analyses (no 
other analyses dilcovered). 

From Item #8: SL 169, SL 509, SL 510. 

From Item #9: SN 271, SN 609, SN 610, V-021, V-022, V-023. 

From Item #10: DR 361, OR 369. 

Although those piping systems were not specifically analyzed (no analyses have 
been discovered), the piping systems could be judged adequate by similarity of pipe 
materials and configurations with accepted piping. 

6.4 241-AW 101-106 CENTRAL, ANNULUS, DRAIN AND FEED 
PUMP PITS (ITEM 12) 

All these facilities were built to national codes and standards as required by 
construction specification 8-120-C7. No analyses of these facilities was 
discovered. 

Central Pump Pits--The reinforced concrete pit is 16 ft x 10 ft x 6 ft (LxWxD) 
with I ft. thick walls and floor. The cover block is 20 in. thick. 
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The floor of each pit is sloped toward a 3 in. unencased floor drain that 
drains liquids back to the tank via unencased 12 in. primary riser No. 3. 
(FDM-T-200-00001.) 

Annulus Pump Pits--The reinforced concrete pit is 7 ft x 7 ft x 
11 ft 7 in. w1th 1 ft. thick walls and floor. The cover block is 20 in. thick. 
There is a 3 in. unencased floor drain DR-M24 that drains into pump riser No. 20 
that terminates in the annulus (FDM-T-200-00001). 

Drain Pit (102-AW-021)--The drain pit is located on top of Tank 102-AW. This 
pit, measuring 8 ft by 12 ft 8 in. by 11 ft, is covered with three 20-in. thick 
cover blocks. Each cover block is approximately 4 ft 6 in. by 8 ft 11 in . 

Feed Pump Pit 102-AW-02E--8ecause Tank 102-AW feeds supernatant to the 
242-Evaporator/Crystallizer for slurry production, the tank includes feed pump pit 
102-AW-02E. The feed pump pit is 9 ft square and 9 ft, 11 in. deep, has 12-in. 
thick reinforced concrete walls, and a 20-in. thick reinforced concrete cover block. 

No seismic or stress analyses for those structures was discovered although they 
were constructed as per the 8-120-C? specification . 

6.5 THREE-INCH DRAIN LINES 
(ITEMS 13, 14, 15, 16) 

Three-Inch Drains To Central Pump Pits 01A-06A (Item 13)--Central pump pits 
contain a 3 in. unencased floor drain DR-M245 that drains liquids back to the tank 
via a 12 in. unencased primary riser. 

Three-Inch Drains To Annulus Pump Pits 018-068 (Item 14)--These drains are 
3 in. unencased floor drains DR M245 that drain into the pump riser that terminates 
in the annulus. 

Three-Inch Drtins To Feed Pump Pit 02E (Item 15)--This is a 3 in. unencased 
floor drain DR-M24 that drains to tank 102 via a tank riser. 

Three-Inch Drains To Drain Pit 020 (Item 16)--These drain lines are the same 
drain lines in Item 10: 

• 3-in. encased DR 361 - from valve pit AW-A. 

• 3-in. encased DR 369 - from valve pit AW-B. 

5DR-M24 denotes a drain (DR) line which meets the specification of Pipe 
Code M24. (see Appendix C). 
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The 3-in . drain lines in items 13 through 16 were not analyzed (no analyses 
discovered). Other 3-in. drain lines built as per pipe code M24 and construction 
specification 8-120-C? had been analyzed (see previous section entitled "Process 
Piping and Drain Line Analyses") . Items 13 through 16 could be judged acceptable to 
ASME 831 .1 by comparison. 
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The principal design codes or standards, and evaluation cri teria governing the 
design and construction of the AW-Tank Farm double-shell tanks and other AW-Tank 
Farm facilities are discussed below. In the discussion, the original design 
standards are contrasted with existing or current design standards : 

1. ASME Code for Steel Tank Design 

• Original--ASME Boiler and Pressure Vessel Code , Sect i on .VIII, Division 2 -
1974 Edition . 

• Existing--ASME Boiler and Pressure Vessel Code, Section VIJI, Division 2 -
1989 Ed it ion. 

Discussion 

Parts AD, AM and Appendices 1, 4, and 5 of the ASME Code apply to tank design 
analyses. The controlling parameters for the OST primary and secondary steel tank 
liners are: 

• The allowable stress intensities for ASTM A- 537 Class I carbon steel plate 
at 350° Fare found in Tables ACS-1 (tension) and ACS-2 (yield) of the 
ASME code. 

• The combination of stress components, stress intensity factors (Part AO), 
and allowable limits on stress intensities are found in Appendix A 
(Mandatory Design Based On Stress Analysis), Part 4-130 (Basic Stress 
Intensity Limits), Figure 4-130.1, Stress Categories and Limits On Stress 
Intensity of the ASME code. 

For all those parameters, identical values are found in the text of the 
design reports (RHO-R-18, RHO-R-19, RHO-C-60) and 1989 ASME Code edition. 
In a thorough comparison of the 1971 and 1989 editions of the ASME code, it was also 
determined that these principal parts of the code had not changed 
(WHC-SD-WM-ES-215, Rev. 0). 

2. American Concrete Institute Code for Reinforced Concrete 

• Original--ACI 318-71 Building Code Requirements For Reinforced Concrete -
1971 Edition. 

• Existing--ACI 318-89 Building Code Requirements For Reinforced Concrete -
1989 Edition with Commentary AC! 318R-89. 
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The controlling parameter for the DST concrete encasements and other AW Tank 
Farm concrete structures are: 

• The concrete modulus of elasticity based on concrete strength found in 
Chapter 8 of both editions. 

• The design strength capacity or strength reduction factors found in 
Chapter 9 of both editions. 

• The required strength, combinations of loads, and load intensity factors 
found in Chapter 9 of both editions. 

• The design strength for steel reinforcement found in Chapter 9 of both 
editions. 

For all those parameters, identical values are found by direct comparison in 
the 1971 and 1989 ACI-318 code editions. 

3. DOE-RL Design Criteria 

• Original--DOE-RL Order 6430.lB, Hanford Plant Standards, 
"Standard Design Criteria (SOC) 4.1," Rev. 7, U.S. Department 
of Energy-Richland Operations Office, Richland, Washington, 
February, 1974. 

• Existing--DOE-RL Order 6430.lB, Hanford Plant Standards, 
"Standard Design Criteria (SOC) 4.1," Rev. 11, U.S. Department 
of Energy-Richland Operations Office, Richland, Washington, 
September, 1989 . 

Discussion 

When combined with dead and service loading criteria, the controlling parameter 
for the DST, piping systems, and other reinforced concrete structures (high hazard 
facilities) is the safe shutdown earthquake response spectra. In the 1974 edition, 
the response spectra is anchored to the 0.25 g zero period horizontal acceleration 
(ZPA), whereas, in the 1989 edition, the response spectra is anchored to the 0.2 g 
ZPA. The reduction in response spectra translates into a wider margin of safety for 
the DST and piping than originally had been analytically demonstrated. 

4. Piping Design Code 

• Original--ASME B31.1 - 1977 Power Piping. 
• Existing--ASME 831.1 - 1989 Power Piping. 
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The 1977 edition was not available. The parameter values in Tables 1 and 2 and 
elsewhere in the text of Appendix Bare identical to those found in the 1989 
edition. Therefore, the parameter values originally used are unchanged in the 
current Yersion of ASME B 31.1 - 1989 Edition . 
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The double-shell tanks and their ancillary facilities are conservatively 
designed using national codes, standards, and Hanford Site criteiva as the design 
bases. All design specification, design criteria, construction records and 
operating records undergo careful review and checking. The control and checking of 
design, procurement and construction products ensures that the facilities comply 
with national codes, standards, and design specifications. Often, it has been 
analytically demonstrated that the design of the double shell tanks and transfer 
piping and drain systems provides margins of safety against failures. Those margins 
of safety are under continuing evaluation as new design and evaluation guidelines 
are formulated. 

Control and monitoring of operating parameters ensures that design bases 
criteria are not exceeded. Corrective action is taken where needed. The Site 
conducts ongoing tests, investigations, and reviews to ensure operations and 
maintenance of the facilities are done properly. There are 10 years of operating 
history with no history of dangerous waste leaks from structural failure of the 
primary contai nmen_t system3 or facilities. 

Current applicable codes and standards are essentially the same as the design 
bases in key areas of design and construction. Based on current knowledge it is 
concluded that collapse, rupture, or failure from structural failure from design, 
construction, or operational fault in the tank facilities is not imminent and is not 
reasonably probable for the remainder of the tank design life. 

• 
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The following tables summarize the design basis criteria and specifi
cations that were used to control the design, construction, and operation of 
the primary tank, secondary tank, and concrete encasement so that the design 
bases criteria have not been and are not exceeded. 
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Table 1. Summary of Bases for Tank Design Criteria (after letter No. 8122) 

Design criteria element 

Primarv Tank Capacity 

Specific Gravity 

pH 

Temperature of Concrete 

Criteria value 

1,000,000 gal. 
(SPG 2.0) or 
1,144,000 gal . 
(SPG 1.7) 

2.0 (max.) 

8 to 14 

350 °F 

Basis and convnents 

• Volume selected because it was the maximum 
volume experienced with single- and double-shell 
Hanford tanks. 

• Present 75' diameter tanks have a proven 
free-standing, self-supporting dome design. 

• Justification of tanks was primarily for 
terminal liquor, Sp.G.1.60. 

• However, slurry service is foreseen and the 
maximum combined solids and liquids Sp.G. would be 
2.0 

• This is based on the weighted average of 60 
volume percent solids and 40 percent liquids with 
solids Sp.G. ranging from 2.26 to 2.51. 

• Based on the dilute to concentrated caustic 
nature of Hanford wastes that are stored in carbon 
steel tanks. 

• pH greater than 7 precludes storage of acid 
waste which would require more expensive stainless 
steel tanks. 

• Caustic.concentrations from concentrated 
wastes are expected to be from 2 H to not greater 
than 8 M. 

• Based on transfer of heat in the waste and 
considered potential high-temperature processes 
such as wiped film evaporation with a product 
temperature greater- than 300 °F. 

• A 350 °F temperature was specified for the 
first four double-shell tanks (AY & AZ) which were 
designed for high-level radioactive boiling 
wastes . 
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Table 1. Summary of Bases for Tank Design Criteria (after letter No. 8122) 

Design criteria element Criteria va 1 ue 

Heat Generation 1,000,000 Btu/Hr. 

Corrosion 1 mil/yr. 

'~is and comments 

• Based on the concentration of 6.0 Ci/gal of 
137Cs which was derived from the maximum estimated 
design in the minimum anticipated volume. 

• Rate is conservative due to the fact that the 
rate will decrease the longer the waste ts stored. 

• A conservative average general corrosion 
allowance based on laboratory data that indicated 
corrosion rates up to 0.6 mil/yr for 8 H caustic 
(synthetic) waste solutions at temperatures up to 
95 ·c. 

• Based on 50-year tank life, general corrosion 
would be less than 10 percent, which is within 
design allowances. 

• Basis is conservative because waste will cool 
with age and decay. laboratory data indicated 
corrosion less than O.l mil/yr at 25 •c. 

• Stress corrosion cracking (SSC) has not yet 
been demonstrated on test samples with these 
solutions. 

• Tanks still require stress relief (PWHT) to 
minimize potential for SSC. 
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Table 1. Su11VTiary of Bases for Tank Design Criteria (after letter No. 8122) 

Design criteria element 

Pressure 
Positive 
Negative 

Seismic 

Reinforced Concrete 
Jank with Secondary Liner 

(Tank) 
Pressure 
Temperature 
Heat Generation 
Seismic 

Dead Load 

Live Load 

Criteria va 1 ue 

+ 60 in. 
- 6 in. water 

0.25 g horiz. 
0.17 g vert. 

(SSE) 

Same as for Primary 
Tank 

6.5 ft . earthcover 

40 lb/ft2 uniform, 
SOT concentrated 

Basis and co11111ents 

• Pressure and vacuum were based on criteria and 
experience with former tanks . 

• These criteria have been adequate and are 
applicable to new tanks . 

• Pressure excursions can result from uneven 
heating caused by hot spots or chemical mixing . 

• A slight vacuum is required on all tanks for 
vapor containment. 

• Earthquake loads for category 1 facilities 
required designs for the SSE to ensure a safe and 
orderly shutdown of the facility prior to 
Hay, 1989. 

• The design basis for the ground acceleration 
is stated in ERDA-1538, •final Environmental 
Statement Waste Management Operation Hanford 
Reservation, Richland, Washington,• 
December, 1975, Volume 2, Appendix 11.3-C. 

Same as for Primary Tank . 

• Earthcover was based on radiation shielding 
requirements over the tank and facilities on top 
of the tank. 

• Live loading on the tank was based on previous 
tank criteria which allows for a crane plus the 
heaviest movable equipment . 
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Table 2. Design Requirements Versus Applicable Design Standard or Code (after letter No. 8122). 

Design requirements Specification Applicable standard/ Remarks sect ion6 code/study/criteria 

Design Code I.A.,etal. ASHE Code, Secti-On VIII, • No other section of the ASHE 
Div. 2 Code or other Standards require a 

more rigorous stress analysis. 

• The intent of requiring a 
Section VII, Div. 2 tank is to 
provide a product that is superior 
to any tank previously built at 
Hanford. 

Tank Configuration I.C. 2 ARH-CD-362 • This configuration has been 
shown to fulfill design 
requirements. 

Construction Loads • The worst case combination will 
be considered. 

• This is consistent with the 
a. Wind 11.C.l.a HPS SDC-4.1 Uniform Building Code for 

construction wind loads (UBC-2308). 

• The design is to consider the 
b. Stress Relief 11.C.l.b Section VIII, Div. 2, tank integrity during Post-Weld 

Article f-4 Heat Treatment (PWHT) (one houri 
400 °F. 

c. Hydrostatic 11.C.l.c Result of Designer's 
Analysis • This load will be much lower 

than service conditions. 
' 

d. Concrete 11.C.2.d B-120-C4 
Placement • Maximum allowable stress during 

concrete placement will be 18 ksi. 
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Table 2. Design Requirements Versus Applicable Design Standard or Code (after letter No. 8122). 

Design requirements Spec1 ficat ion Applicable standard/ Remarks sect ion6 code/study/criteria 

Operational Loads • The worst case combination will 
be considered. 

a. 1,000,000 gal- II.A. ARH-CD-362 • Specific gravity of maximum 
lons at 2 spgr expected waste solution. 

b. 350 ·fin I.C.4.f ARH-CD-362 • Maximum temperature based on 
concrete future processes and expected 

product heat generation rate. 
Conservative. 

c. Liquid Level II.C.2.a 241-AW SOP/s • Standard Operating Procedures ::ie: 
:c 

Cycling will maintain operating conditions n 
::0 I 

below design conditions. 
,,, Vl 
< CJ ..... I 

w U) :c ..... d. Thermal Cycling II.C.2.b ARH-1601 • Conservative . SOP' s will ..... 3: 
C> I 

maintain operating conditions below :z ,.,, 
;o 

~esign conditions. C> I ..... 
N 
0\ 

e. Thermal Growth I I.c JABE-VITR0-07 • These values are yet to be 
Restraint at determined. 
Steel-Concrete 
Tangent Point 

f. Internal 11.C.2.d ARH-1601 • Conservative. Pressure limits 
Pressure defined in operating standards are 

well below design limits. 

g. Dynamic Loads 11.C.2.e ERDA 1538 • "final Environmental Statement, 
1. SSE 11.C.2.e HPS SDC-4.1 Waste Management Operations Hanford 
2. Dynamic Reservation, Richland, Washington," 

Analysts II.C.2.e TID-7024 December, 1975. 
3. Hydrodynamic '. 

Effects • Employs accepted analysis 
techniques. 

,,, 



9'H 31 'i} ~•0~8 

Table 2. Design Requirements Versus Applicable Design Standard or Code (after letter No. 8122). 

Design requirements Specification Applicable standard/ Remarks section6 code/study/criteria 

Stress Analysis I I.D ASHE Section VI II, • Allowable stress intensities 
Requirements Div. II shall be as defined in ASHE 

Section VIII, Div. 2, Appendix 4. 

a. Operational I I.D. BCL study for the • To protect against sec. The 
Stresses limited American Gas Association · current estimate of the stress 
to ( +) • 9f y on (reference not found) level in the AW Tanks is t0.61 fy 
wetted surface for ASTH A537 steel. fy • yield 

stress. 

b. Construction II.D.4 BCL study for the • To prevent plastic deformation 
stresses limited American Gas Association during construction. ;;o a: ,,, :I: 
to (+) • 75 fy (reference not found) < n ..... I 

Ul Ul ..... 0 
c. Designer verifi- 11.D.5.c BNWL-B-475 • To protect against stress 0 I 

w :z I N cation that de- corrosion cracking (SCC). The 0 I 

formations after fabricator will be required to ,.,, 
:x, 

PWHT do not result support the lower knuckle during I .... 
in stresses that post-weld heat treating (PWHT). N 

CJ\ 

exceed allowables. 

Material Requirements III. ASHE, Section VIII, Div. 
2, Part AH 

a. ASTH A-537 Class III.A ASTH-A-547, ASTH A-20 • To provide increased strength 
I Steel and margin of safety against sec. 

To allow for flatness tolerances 
that. will be easier, less costly to 
meet. 

b. Ultrasonic II I.A ASTM-A-578, Level II • To provide additional material 
Testing quality control. 
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Table 2. D~slgn Requ i rements Versus Applicable Design Standard or Code (after letter No. 8122) . 

Design requirements 

Specific Design 
Requirements 
a. All welded 

construction 

b. Minimum allowable 
plate thickness 

c .. 050" corrosion 
allowance 

d. Circular lower 
knuckle section 

e. Tank bottoms 
shall be welded 
from the top 
side only 

Post-Weld Heat 
Treatment 

Heat Generation Rate 
(100,000 Btu's/hr) 

Sped f1cat ion 
sect1on6 

IV .A. 

IY .C. 

IV .D. 

IV .G. 

IV .ti 

1.5, 11.C.l.b . 

1.4.e , f 

Design Life (50 Years) I.A, I.C . 4.d 

The maximum time a 1.4.c.d 
secondary tank will 
contain waste solution 
will be one week · · 

Applicable standard/ 
code/study/criteria 

fabrication Experience 

JABE-VITR0-05 

ARHCO tests 

V ITRO-R- 350 

V ITR0-R-350 

Section VIII, Div . 2, 
Article f-4 

ARII-CD-438 

ARII- CD-362 

Afllf-CD-362 

. 

Remarks 

• To provide superior leak 
tightness and corrosion resistance . 

• These thicknesses have been 
verified by Blume as adequate . 

• Conservative. 

• To lower tank susceptibility to 
bottom deformation. 

• To lower tank susceptibility 
to bottom deformation. 

• To relieve residual fabrication 
stresses and therefore minimize sec 

• Conservative. 

• An HVAC system has been 
designed by Vitro to remove the 
anticipated heat. 

~•Conservative . Present 
anticipated use Is less than 
20 years . 

• Waste In secondary tank would 
be pumped to a spare tank . 
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Table 2. Design Requirements Versus Applicable Design Standard or Code (after letter No. 8122). 

Design requirements 

Bottom flatness 
tolerances 

Specification 
section6 

Applicable standard/ 
code/study/criteria 

BNWL-CD-480 
Vitro-R-350 Letter , 
July 9, 1976, H. Vagins 
to J . F. Albaugh 

Remarks 

• Development work by BNW for 
241-SY Tanks . 
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Table 3. Operational Spec i fications and Standards - Underground Storage Tanks (after letter No. 8122). 

Variable 

Limits 1 

Spec i fi cat i on2 Standard3 

Underground Storage Tanks 

Jank Composjtjon 

a. pH 

b. Sodium Molarity 
in Aging Waste 

c. Organic Material 
in Tanks 

d. Nitrite Concen
tration 

e. Nitrate Concen
tration 

f. Sodium Hydroxide 
Concentration 

g. Radio 1 yt 1c 
Hydrogen 

h. Fissile Concen
tration 

1. Total Fissile 
Hateri a 1 

Minimum e.o 
Maximum 6H 

No separable 
organic phase 

~500 ppm 

~6H 

~7H 

Maximum 2i of 
vapor volume 
~0.05 gm/gal . 

~50 kg per 
tank 

Tank Ljqyjd Levels ~30.4'(365•) 

Ljqyjd Leye] Changes 

Minimum 9.0 

Maximum SH 
Same as Spec. 

~600 ppm 

<SH 

<6M 

Maximum 1% of 
vapor volume 
Same as Spec. 

Same as Spec. 

Purpose 

Protect steel tank 
linings 
For sludge 
temperature control 
Reduce potential for 
tank pressurization 
Corrosion Control 

Corrosion Control 

Corrosion Control 

Prevent explosive 
atmosphere 
Crit ica 1 ity 
Prevent ion 
Criticality 
Prevention 

Measurement 

Method Frequency 

Sample or knowledge Each feed source 
of feed 
Sample As needed for 

admin . control 
Sample or knowledge Each feed source 
of feed 

Sample or knowledge Each feed source 
of feed 
Sample or knowledge Each feed source 

. of feed 
Sample or knowledge Each feed source 
of feed 
Sample or 
administrative 
control 
Sample or knowledge 
of feed 
a) Sample analyses 

b) Administrative 
Controls 

Each feed source 

Each feed source 

a) Prior to use 
as slurry 
receivers 

b) Each waste 
batch 

Prevent Overfill ing FIC or Manual Tape Each Shift 
Reading 

Reference: Volumes 1 and 2, February 1976, Tank Farm Surveill~nce, ;and C.H . Walker , •waste Storage Tank 
Status and leak Detection Criteria . • 

-
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Table 3. Operational Specifications and Standards - Underground Storage Tanks (after letter No. 8122). 

Limits 1 Measurement 

Variable Spec1 f i cat i on2 Standard1 Purpose Method frequency 

Uoex11]iined Min. -1.s• Hin. -1.0• Leak Detection FIC or Manual Tape First hour and 
Transfer (4175 gal.) (2750) gal.) . Readings every two hours 
Ljgyjd Le~e] thereafter 
[ljscre11aocje~ during each 

transfer 

(lome Logdjog <7' <1' Prevent Structural Survey. Maximum Each additional 
- Soil Cover Damage to Dome allowable soil disruption of 

depth to be soi 1 (backf1l l 
indicated on tank permit required) 
riser or pit 

- Additional Live ~50 Tons ~40 Tons Prevent Structural Administrative Review prior to 
Or Equipment Damage to Dome Control each addition of 
Loads equipment 

Vagor Sggce Max. 60· wg. Max. 10" wg. Contamination Pressure Gauge Each Shift 
Pressyre Control 

Min. -6" wg. Hin . -3" wg. Tank Protect ion Pressure Gauge Each Shift 

Aaoy]ys Pres~yre Max. g• wg. Max. 4" wg. Tank Protection Pressure Gauge Each Shift 
Min. 6• wg. Min. -3" wg . Tank Protect ion Pressure Gauge Each Shift 

Iemgeraty·res Max. 230 ·f Max. 210 af Offgas Control Thermocouples Monthly for 
- Liquid static tanks -

Daily for active 
tanks 

- Solids Max . 350 •f Max . 300 af Protect ion of 
Concrete 
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Table 3. Operational Specifications and Standards - Underground Storage Tanks (after letter No. 8122). 

Variable 

Temperature 
Gradients 
·_ Solution 

Temperature 

- Concrete 
Temperature 

- Concrete fl. T 

Hvdrostat ic Head 
- At Tank Wall 

l1mits 1 

Specification2 Standard3 

5 ·f per day 
or 40 ·f per 
8 days 

5 •f per day 

~30 •f/foot of 
concrete 
thickness in 
tank wa 11 s or 
dome 

5 •F per day 
or 40 •F per 
8 days 

5 •F per day 

~30 °F/foot of 
concrete 
thickness in 
tank walls or 
dome 

Purpose 

Prevent structural 
damage to tank 

Prevent structural 
damage to tank 

Prevent structural 
damage to tank 

Max. 660" wg. Max. 660" wg. Prevent structural 

Measurement 

Method 

Thermocouples 

Thermocouples 

Thermocouple pairs 

LL (in) X Spg 

frequency 

Each shift 
during transfer 
or as sped fied 
by Tank Farm 
Engineering 

Each shift 
during transfer 
or as specified 
by TFPE 

Twice per da_y 

If Spg > 1.67 

:E 
:c 
n 
I 

V1 
0 
I 

i 
I 

rri 
::0 
I ..... 

N 
en 

damage t_o tank ;o 

i!=========!:======~=======!a::=========!:==================='!!;2 
1May not be current, but generally applicable over life of operation. t;; 
2Spectfication: The specification limits are set to prevent excessive corrosion and minimize structural 8 

stresses that the tanks and associated facilities are subjected to during operation. 2 

3Standard: Standards are process and operating limits established as control points which, when exceeded, 0 

provide warning of an approaching specification limit. 
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Reference Letter: Abstracted from Attachment II of letter from H. P. 
Shaw, Atlantic Richfield Hanford Company, to Mr. L. J. Adams, Director, U.S . 
Energy Research & Development Administration, Richland Operations Office, Re : 
Project 8-120, Additional High-Level Waste Storage and Handling Facilities, 
Basis for Design Considerations, dated April 29, 1976. 

OVERVIEW OF TANK DESIGN 

There is no code or licensing guideline to follow in the design and 
construction of waste storage tanks. Strictly speaking, ASME Section III 
addresses requirements for the construction of nuclear power plant items, 
while ASME Section VIII covers requirements for construction of pressure 
vessels. The waste storage tanks built at Hanford do not fall within either 
of these classifications. 

After reviewing several codes, it was decided that Section VIII, Division 
2, of the ASME Code would best meet the required design, construction and 
quality requirements for these tanks. The result of the design and analysi~ 
effort required by the Code will be the most complete analytic study of this 
tank configuration to date. With the subsequent construction of these tanks 
to Section VIII, Division 2, requirements, the intent is that the tanks will 
be equivalent to a Section VIII Code stamped vessel. 

Section VIII and Section III combine primary and secondary stresses in 
the same manner. The allowable stress intensities are also the same for 
identical grades of steel. Section III differs from Section VIII in that it 
requires an analysis of conditions that might occur in a nuclear power plant 
(emergency, upset and faulted conditions). These conditions would not apply 
to waste storage tanks. 

Section VIII, Division 2, is consistent with the Quality Assurance 
requirements called out for previous tanks constructed at Hanford. Section 
VIII Division 2, does not call out all requirements found in Section III. 
Implementing the quality assurance requirements of Section III would increase 
the cost of these tanks to an amount greater than appropriated. Section III 
is designed to provide the full traceability, material control and independent 
third-party inspection required for a reactor pressure vessel. It is not felt 
that these controls are needed to build tanks that will satisfy projected 
service requirements. 

For these two basic reasons, Section VIII, Division 2, was chosen for the 
design and construction of the 241-AW Tank Fann. It is felt that 
Section VIII, Division 2, will provide the necessary design, construction and 
quality requirements for the tanks, without imposing superfluous and wasteful 
requirements. 

The intent of requiring a Section VIII, Division 2, tank is to provide a 
product that is superior to any tank previously built at Hanford. 
(Section VIII, Division 1, does not provide a stress analysis that includes 
the impact of secondary stresses on the vessel. It also allows higher stress 
intensities. Only partial radiographic examination and no magnetic particle 
examination is required with Section VIII, Division 1.) 

A-2 
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REPORT ON STRESS ANALYSIS OF 241-AW TANK FARM PIPING 

AS FOUND IN THE B-120 PROJECT RECORDS 

(With Notations By W. J. Karwoski) 
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ABSTRACT 

STRESS RE?OR T 

241 TANK FARM 

PROJECT 3-120 

WHC-SO-WM-ER-126 
REVISION 0 

This report covers the stress analysis for the proc!ss piping, clean-out box 

assamblies, steam piping and jumper assamblies in the 241 AW Tank Far.n. 

Piping systems that connect the 241 AW Farm to the 241 Evapor-..ator 3ui1ding 

and to the 241 A Farm are also analyzed. 

c. oa..;Ec:~''E 

piping as des igned i'ile~~s ail the c:-- i :ar i a r:quire.'T!ents as out1i ned in 

At lant ic ~icnf i eld ~a.nfor1 Company (ARHCO) dac~ment #ARH-CJ-362. 

7'iie :her:nal analysis for al 1 proc!ss ;iioing and j u:nper assa'Tlbl ies '"as :ila.de 

·JSing t he c::mpu:a!"'' program /~EL-21. ,l, se i smic ana.iys i s '"'as perfor:ned en 

c:rt!in represantative piping runs and :he r~su1ts ar: presented in Sec:ion 

III.3. of this r:par~. 
'ft?'j ~IT, 

system ,..,as judged acc~i:,tacle by Section 119.7.l A. land A.2 of ANSI 831.1. ~A11i..,\.J=l · 

'..lhere detailed analysis ·..tas not perfar.ned, the 

This section of the Code allows systems to be judged by comparison '"'ith 

previously analyzed systams and/or piping systams duplicating a successfully 

operating installation. 

!!. SUM~ARY ANO CONCLUSIONS 

The results of this report include a ther.nal analysis of the process piping, 

ste:m piping, clean-out box assemblies and jumper assa'Tlblies, and a seismic 

analysis of certain representative pipe runs. 

8-5 
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Tabler gives the sumnary of the thermal analysis performed on the pip i ng 

systems and jumper assamblies. rnis Table includes the pipe l ine and jumper 

identification, computer pl"'Oblem file name and ~aximum anticipatad stress. 

T.ai:lle rI gives pfping material properties and stress allowables used in the 

analysis. The analysis 11erified that t!ie thermal stress levels reached in the 

piping systems and jumper assamblies are below allowable limits. 

Section r!!.B. contains a seismic analysis of the piping systems in the 8-120 

Tank Farm~ This analysis is divided into thre-! parts. Part! investigates 

the effacts of a seismic event on typical '1 S" bends in the piping systems. 

Part r! investigates the effe':ts of a seismic event on the straight sact i ons 

of pipe. Part U! investigates the effacts of relative building i'noticns t!'lat 

'"'ould oc::ur in the 8-120 Tank Fani dur i ng seismi c ac":ivity. The analysis 

verified that t:ie stress levels :-eac:ied in the piping s:,rstams dur i ng a sais;j!ic 

event are oe 1 ow a 11 owac la 11mi ts. 

rrr . DISCUSSION ANO ~ESULiS 

A. ir!E~~AL ANALYS!S 
1. Process ?ioina 

The pl"'Ocess lines '"'e!"e ana lyzed for st:-esses :-esult i ng f.,..~r.i ::ne;.l1al 

expansion. The slurry lines nave a max ~mum normal oper1ting tamper?

ture of 200° F. The maximum normal ope!"ating tempera~;Jr: of :~e 

supernatant lines is 275~ F. All process lines are capable of ~eing 

steam cleaned ,..,;th 100 psig sat;.irated steam at 340° F. ihe tempera

ture used in the thenial analysis of the process piping '"'as, t:,el"'e-

f ore, 340° F. 

A 11 process 1 i nes · .. ere analyzed using the i'1EL-21 compute?'" program. 

The 2 in. slurry lines are enc~sad by 4 in. sacondary lines and the 3 

in. supernatant 1 i nes arg encasad by 6 in. secondary 1 i nes. This ,..,as 

done to ensure the containment of possible leaks in the primary 

pipes. Since the highest st~essas occur in the pipes with the largest 

8-6 
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TABLE II 

~nclsament ?rocass Pipe (4 in. and 6 in. nominal pipe) 

Material - ASTM A53 Seamless GrtS 

Allowable Stress (Hot and Cold) - 15,000 psi 

Allowable Expansion St~ess - 37,500 psi 

Young's Modulus - e = 27.9 x 106 psi 

Coefficient of Ther:nal - - 1.81 Mills/in. 

Expansion 

?oisson•s Ratio - = .300 

~ncase1 Slur.-y Lines (2 in. nominal pipe) 

~atarial - . .\Si~ . .\53 sa=.mless GrtS 

A~lowable Str~ss (Hot and Cald) - 15,0CO ~s ~ 

Allcwabie Expansion St~~ss J4,l6a psi 

Young's ,'-1odu1us - e = 2i.9 x 105 psi 

Ccefficient of Ther:nai - = :.31 i'~i11s/~n. 

Expansion 

?oisson•s ~atio - = .300 

Encasa1 Supernatant Lines (3 in. nominal pipe) 

~aterial - ASTM A53 Seamless GRS 

Allowable Stress (Hot and Cold) - 15,000 psi 

Allowable E~pansion Stress - 35,444 psi 

Young's ~dulus - e = 27.9 x 106 psi 

Coefficient of Thermal - = 1.31 /~ills/In. 

Expansion 

Poisson's Ratio - = .300 

8-7 
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diametar, the i'1EL-21 pl"'Ogram ·11as applied to the~ i n. and 6 in. 

encasament lines. This report assumes that ther.nal stresses in the 

primary pipe are the same as in the larger secondary pi pe. This is a 

conservative assumption. For the pu~ose of this analysis the 

encasement pipes 1Here not considered to have bubble •,ojrap around t!ieir 

entire length; only at the bends. This approach gives stresses higher 

than •11ould result if the 1/2 inch minimum gap around the entir~ length 

'"'as take.'1 under consideration. 

The 10 in. drainline, 10 in. OR-335-:424, is shown on .isometr ic skatc!i 

number ES-al20-.''13. The :~EL-21 c::imp~tar program was app li ~ to i ts 

12 in. encasement for t!ie ieasons outl i ned above. 

Tabie [I contains the matar i a l ~rcoer: i es usad i n t!i~ ana lys ~s of ::~e 

process pipi ng systems. The sec:i on of hand-~r i t:an ca '. c~ 1ations, 

Appendi~ C, cont~ins ana lys i s relative t.:; max imum a il c~ao le st~;SS and 

expansion c::ieff i cients used in ~!ie compu~e!'" ~rogr!m. 

2. Sta~ Pi oina 

The 1-1/2 in. diameter s:eam f 1.J sh l i'ies f ·~-:m f : ush ;Ji : 2~ 1- ..:. '..; :o 

•,ahe pi t 24~-A\.I-A, from f 1usi'I ;J i t 21.l.l-. .:.W t.: ·,a1 ,,e ;ii: Z<l>A\-i-3, !nd 

from flush ::, i t 241-AW to fe~d ;:iump ;:iit 24L-A'li-•J2~ 'Ne!"; ina l:,zad ;:Jy 

hand for t!ie;.11al expansion. ihese pipel i nes ·..-e!'"e foui1a ::a je 

adequately flexible per the cr i terion gi 11en i n ANSt 331.~ 119.i.l,. 

A.3. These calculations are presented in Appendix C of this ~~~art . 

3. Jumcer Assa~blies 

Certain ju1T11Jer asse!TIJlies •,.e?"e analyzed for ther.nal expansion. 

Assamblies that · .. ere similar to the ones a.nalyz:d '"'erg judged to tie 

adequate per S31.l, Section 119.7.l, paragraph A.2 . 

The jumpers ·"'ere analyzed using the ME:..-21 c:::imputer program. ihe 

results of these analyses ara shown in Table L Table!! gi '✓ es the 

material pl"'Operties used. The configurations analyzed are shown in 

Sketc!ies ES-alZ0-,"17, ES-a120-,~8. ;S-8120-,'~9 , and .ES-8120-,"110. 
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The clean-out box assemblies 'Here analyzed per ASi'1E Section '/III, 

Division I for a hydrostatic tast pressure of 90 psi and found to be 
adequate. (See Appendix 0.) The 2 in. encasement lines connecting 

the clean-out box assemblies to the proc!ss lines '"'e~ investigated 

for thermal stress using the criterion outlined in 831.l, paragraph 

119.7. 1, Section A.3. The encasement line design was found to be 

adequate for the expected maximum temperature of 340° r. The l" 

f1ush 1 i nes 1 ocatad inside the c 1 ean-out box '"'ere modified per 
DFC #8120-170 

8. S~ISMIC ANALYSIS 
Introduction 

This section divides the seismic analysis of the pip i ng systam in the 

3-120 Tank rant into thr-:e pal""ts. rn ?art r, t:ie str-:ssas '"'hic:i develop 

·; n the 11 S11 oe.'1ds of the ;i i ping :-·.Jns are investigatad. The :nax imum di rec: 

st:---:ssas duet:) the c:mbineq :ffa-=ts of 'He ight, ;ir-:ssi.lr-:, and static 

sa isiili c 1 cads ·Her-: c=mputad 1.Js i rig the ME:..-21 computar progr!m. These 

st:-:ssas ·Ne~ c:mcar:d to tlie st:-:ss al·To•,.,abii:s gi'len in 9angraph 104.3.2 

of ANSI 331.. L 

?art II contlins hand calculaticns to verify that the st:-a ight sactions of 

pipe in the piping r~ns ~ill ~ithstand the axial and bending st:-:sses that 

·Nould resuit from a seis;nic event. The .-Tiethods and assumptions used in 

this analysis 'Ne~ the same as those :.isad in doc:ime!1t JABE-'./I~O-J4. The 
ca lc:i 1 ated stresses -.,.ere compar:d to the stl""ess a 11 owab 1 as defined in t.',e 

ASME 3oiler and ?~ssu~ .Code, Section IrI, Division r, for a faulted 
cond ition. 

?art III contains hand calculations done by Dr. ~ing-Ou Chang to 

investigate the r~lative motions of the buildings in the 3-t20 Tank Farm 

that ·HOuld occur during a seisil1ic a'lent. 

found to be si11al1 (i.:. less than .2 in.). 

These relative motions 'Here 

The stresses on the piping 

system of the tank fa.rm due to these motions a.re, ther~fore, considered to 

be negligibl~. 
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Thre~ typical ''S" bends in the a-120 Tank Farm '.I/el"'! analyzed ~Y comput:l"' to 

detanni ne the cambi ned effact of stress due to '"eight, pressure~ and 

occasional loads (i.e. seismic loads). Casa 11 ! 11 is a 2 in. slurry line with a 

design pressun! of 400 psi. Casa rI is a 3 in. supernatant line ·,i1ith a design 

pressure of 275 psi. Casa !I! is a 4 in. slurry line encasement ·,i1ith a design 

p~ssun! of O psi. An isometric of each casa is shown on page 7 and a of this 

report. 

. 
Seis;nic loads '.1/el"'e applied to aach case as equiv a lent 'lel"'tica 1 and horiz-:inta l 

static for:::s ac:ording to the formula: 

f = !..5 C;JW (Ref. JA8E- '1!~0-,)2, ;Jage l~) 

, = dist:-ibut:d =quiva1ent sta~ic for:a 

',I/= distributad ·11eignt ".Jf p i ping and c~ntants · 

Cq = ~eak s;iect:-al r~ocnsa ac:a 1er1t~:n 

ror QBE .::Jnd~tions in "Jt:ier locat~ons :;(cap:: :-:cf", -:;i = . 75; :iorizanu1 and 

C;J = .5 -; ·,e:---:ica : .• 'le!"'tical and hor:zont.:. 1 acca;e:aticns due to a sa i siiliC 

~•,ent C.ln, ti'le!'"efor~, ae computad as fo i1 ows: 

a ·,ert i ca 1 = ( 1. 5) ( . 5 g) = . 75 g 

a horizontal = (1.5) (.75 g) = 1.125 g 

These ac::alerations ·He:--e used as shown on page 10 of this repor~ to de•,elop 

suitable computar input information. 

B-10 _,,_ 
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rr~m ANSI 331.l, 1977 Edition, paragraph 104 .S.2, it is stated i n equation 

12-.a that: 

~~ + .75 ! MA+ .75 ~ ~B ~ K Sh 

:~=stress due to internal pressure 

' 75 i MA t d t . ht z = s ress ue c 'He 1g 

. 75 i ,"18 ----= z 
st?'!SS due to occasion loads 

(i.e. saismic loads) 

11~"t E.o <T• 

E:.Q . \\CA; uJ::n .. 

• 
K = 1.2 for occasional l oads ac~ing l ess than l~ of ope~at i ng pe~ i od . 

Sh= Allowable stress 

rrcm ,lNSI 831. l Appendix A: 

Sh= 15,000 ps i ( for Al 06 CS gr?de b) 
l'i2'1 Eo,T-

5,o\,..,~, ~t. 

ihe illa.x imum a ll owable c::mo i ned S":?'~ss f or ·,-teight, pr;ssur~, :.nd 

sa i smi c i s: 

(:<) (Sh ) = ( 1. 2) ( 15 , ooo) = 1a. oco P s r 11~~ fE o,-r. -
'J::;:.= 1-"2. ,$AMCZ',"V:Jh 

Fn:im ia.b l e E-1, page 10, the illax~mum c:imputad dir~: stress ·Has ~:,705 ps i 

( Casa r) . 

15,705 ps i ~ 18,C0O psi 

./ .. These 11 S" bends satisfy the ANSI 831.l requir?ments for combined 

stress due to 'Height, pressure and seismic loading. 
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TABLE E-1 
End Conditions Max . Oir!c~ Str!ss 

Case No. Anchor :H Anchor #2 Oes i an Pr!SSur! 1..lt .:,. P ~ EQ 

r• Fixed Fixed 400 psi 11, sa3 psi 
r• Free Free 400 psi 15,595 psi 

r• Free Fixed 400 psi 11, :o4 psi 

r* Fixed Free 400 psi 15,705 psi 

r!* Fixed Fixed 275 psi 5,150 psi 
rr• Free Free 275 ps i 5, 196 psi 

rr--- Free Fixed 275 psi 4, .980 psi 

rI"' Fixed Fr!e 275 psi 5 , 182 ps i 

n r-- Fixe-1 Fixed 0 psi 12, 082 psi 

~ Note: Anc~or fl is locatad !t Node ?o i nt *S . 
Anchor 12 is locatad ¼t Node ?o int #~O . 

- Nata: Anc:ior .tl is 1ocatad at ,'lode Po i nt t:!. 

Anc:ior .*2 is locatad at Node ?o int ,NO 

ihe follcwing :a l cJlations ar': c:mputar input informa: ~on fJr ~~e :!r:~qu~~a 
!nalysis of 2 in. and 3 in. encased lines in the ,;W-lZ'J i"anl< f'!r.il. iy~ icl: 
cases are shown on page 7. Earthquake load i ng is :akan to be a st at ic . 75 g 
,,ert i ca 1 and 1. 125 g nor i zonta 1. 

Pioe Sumnary 

Pi oe Size 1..lt/Ft 

2 in. Sch 40 pipe 3.653 

3 in. Sch 40 pipe 7.Sa 

1..it/Ft (HzQl 
1. 453 

3.2 

B-14 
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1. 7 

1. 7 

Tota 1 '..It/Ft Ari:a of Metal 

6.12 lb/ft l.074 in-

13 .02 lb/ft 2.228 in2 



Earthauake Loading 

Vertical Loadina (Wt+ EO) 
zu pipe (1.75 g)( 6.12) s 10.71 
3u pipe (1.75 g)(l3.02) s 22.765 
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Horizontal Loadina 

(1.125 g)( s.12) = s.aas La/Fi" 
(1.125 g)(l3.02) = 14.647 La/F"i 

iiie vertical load is applied to the piping as a •,11eight density in the ,"lEL-21 
program: 

'ileight Density 2 'ilt/12 AM (e.p. 5.4 page Sa) 

'Mhe~: 

'ilt :s Total unit '"'eight ( lb/ft) 
. , 

AM :s Cross-sactional area of pipe ~all (,n-) 

10. 71 (l) ~eiaht Oentitz 
of 2 in. ?ice 

= _....,......,...,._,,.,,,..,._ 
( 12 l( LON) = .331 1b/in3 Vertical L.aad ·· -

(2) '..Jeiaht Oensit·, = 22.i6: = _35: :~/in3 '/er-: i c.!l LJad 
of 3 in. ?ioe (12)(2.22Si 

ihe norizontal load is applied tJ ::,e 9 iping 1s i 1.rnifor.:1 nar~z:'Jnt.! 1 for:a 

(lb/in). 

(,)Uniform Horizontal 
• on the 2 in. ?ice 

(2) Uniform ~oriz:ontal 
on the 3 1 n. ? 1 ce 

For:a 6 ~as 
= ·~2 = .374 1~/in Horiz:ont~l ~aad 

:d.5'1.i 
= 12 = 1.22 lb/in ~criz:ont~i ~oad 

ihe end conditions on tne piping is 1ssume1 to ~e: 

(1) Fixed-Fixed 

(2) Free-Free 

(3) Fixed-Free 

(4) Free-Fixed 

-----------------
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The encasement 1 i nes 'Ni 11 now be checked for earthquake. The highest stresses 
arg believed to be present in the smallest lines (i . e. the 4 in. 
encasements). A typical be.~d configuration is shown on page 3: 

The vertical load is applied to 

Weight Density (4 in. Pipe) 
the piping as a 'Height density . 
= {10.79 lb/ft)(l.75 a EQ Ldo.) 

(12 in/ft)(3.17 in 2) =.497 lb/in3 

Total weight density= WO 2 in. pipe+ WO 4 in. pipe 

Total 'Height density= (.331 (from Pg. 11 + .497) = 1.328 lb/in3 

The horizontal earthquake load is applied to the pip ing as a un ifann 
horizontal force (lb/in). 

Total iioriz~ntal f::irc: = (HF 2 in. ~ipe + HF 4 in. pipe) 

-,at~l '..J • 1 - -74 (" l1) riO.i9 1b/f': )( :.l2: l :J '-=o . ... ,7or1z~nta r::ir:: = .:J i:--;m ,Jg. - - "-
12 

in/'f: 
i~F = ( .574 ~ ~.01) = 1.59 lb/ :n 

The and c~nd i t ~ans an t:ie piping :.:-: :.ss:.imed to oe : ~ixed-F ix;d . 

B-16 
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Part II. Straiaht Pioe Analysis 

ihe obje-:tive of these calculati ons is to determine the effects of earthquaka 
on the straight sactions of the 4 in. and 6 in. encasement in the 8-120 and 
S-130 Tank Farms. ihe formulas and assum~tions are the same as those used in 
document JASE-VIiR0-04. 
ihe following assumptions are made: 

( 1) The buried encasement 1 i nes deform '"'ith ground deformat i on and 
offer negligible r!sistance . 

( 2) The so i l is elastic and homogeneous. 

C, 

? i ;:ie 

Troe dis;:i i ac:ment of the pipe 'Nill sat i sfy- the ;qua~i on : 

= 

:C = Long it~d ina l ax ~s of t~e pipe. 
:< = 0 i sp l ac:ment c::mponent nor.na 1 to -r 

C = Ground 'Nave ve 1 oc i ty pan.1 1 e 1 to :C 

,. 
ihe CJrvature of the pipe= P'= = X 

~2 
I.. '"'here: ,, 

Xis the acceleration of the soil normal to :z: 

, 

The axial strain= C = X 
c 

where: 
" X = soil ,,elocity parallel to :r 

B-17 
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Find the maximum curvature of the pipe due to earthquake loads as follows: 

•• 

~ max 

•,o1here: 

'Is 

,;, 2 X 

= J X 2 

.. 
= 

max 
X :nax 

1/s 2 

X max 
= Shear ·,o1ave velocity = 550 ft/sec ( Ref JASE-'./!TK0-04) 

= Maximum soil acceleration= .25 g 

• ;J ~ax.= (.Z5)( 3z. 2) = .267Xla-4 ft- 1 -- ~ max. 
J .• (S50) 2 ------

Find the maximum axial st;--ain due to earthquake loads as folfows : 

A. .'~aximum strain due to longitudinal ·.itaves is: 

• 
E Long. ,'1ax. = X :.iax 

'Ip 

·"'ner~: 

'lo = Longitudinal '"a"e ·,eiocity = L200 ft/sec (Ref JA8C-V!~O-•J4) • 
X ,"lax. = LO i :,/ se-: 

.... ~ L ~ = lO in/sec = .594 x ~o-3;n~in 1 
· " ang •. ax . ll,200)(12) in/sec ------- - € _Jng . .''1ax. 

3. .'1ax imum st:--! in due to shear ·14a•,es: 

!f a shear ·"ave travels at an angl; '-"'to the longit:Jdinal ixis of 

the ~ ipe line then the component of ·,el oc i ty p ara.11 e i ~o ~he 
pipeline is: .. 

X = 10 sine in/sec 

The apparent wave velocity along the ~ipeline is: 
Vs 550 ft/sec 

C = COS d = COS a, 

The axial strain due to a shear ·.itave is: 
• 

~ Shear Max . = t = (lZ;~SSO) Sin ff COS6" 

for tl-: 45° 

10 
f. Shear ~ax. = ( 12 )( 550 ) (. 707 )(. 707) = .758 x 10-3 in/in 
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The maximum axial st~~ss due to ear~hquake is Cllculated as follows: 

ij1 ax i a 1 = (Efomax • 
when!: 

• ,. . 

E = Young's Modulus= 27.9 x 106 psi 
~max= Max axial strain• .7Sa x 10-3 in/in (sae B above) 

)"axial = (27.9 x 106)(.753 x 10-3) = 21,148 osi 

The maximum bending st~~ss due to earthquake is calculated as follows: 
Gi'len that: 

· ( 1) Cur·,ature = ¢ = M/EI 
(2) 'i'a :-1C = i • from ( 1) above! .. 

:~ = ~ ~I 
~c-_ri' 
~ = dt~C I r 

. ~ ~.; i'1ax. = ( ti ,'1a.x. ) ( ~ )( C i'lax . ) 

• 
. · , 

i:~a.x. = .257 x 10-4 (1/ft (sae pg. :4:-) 

C ,''1ax. 
,,..,3 ... , ,·1a.x • 

= (far a 6 in. anclsament l~ne) = 6.625/2 = 3.3125 in. 
= (.257 x 10•-l-)(L/12)(27 .9 x 105)(3.3125) :: UJ:i' f'!t 
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Conclusions: 

An earthquake is a faulted condition as defined in the ASME aoiler and 

?ressure Vessel Code, Section III, Division I, articie F-1000, par?graph Fll20. 

The maximum allowable stress as defined in this section is: 

Allowable= (.7)(Su) 

'"'here: 

Su= 60,000 psi (from Table I.l.l for SA-106a CS welded pipe) 

Allowable= (.7)(60,000) = 42,000 psi 

The maximum stress due to a seismic event is: 

~ax.= axial+ bending 

where: 
Axial = 21,148 psi (from pg. 15) 

aending = 205 psi (from ·pg. 15) 

~ax.= 21,148 + 205 = 21,353 osi 

,"1ax. A 11 owab 1: 

,"1ax . 

4 and 6 in. encasement lines that are dir!ctly ~uri:d ~i 11 

survi'te a seismic e•,ent. 

:~os: tank far.n ;Jrocass lines ar! ·NT"~oped ·1dth a layer of t:lubble ·11r?o, l/2 in. 

thic'.<, before being S;Jr~yed •11ith an insulating foam. A 1/2 in. void is 

the?"efor! c:--eatad bet~een t;,e pipeline and the ground. Th i s ·,aid ~ff:c':i'tely 

isolatas the pipeli
1
ne fr.:im axia.i seisiilic stresses. The only s-:r!ssas 

tl"'ansf~rred to these lines are bending s-:l"'essas ~hich ar! negligible. 

205 psi). 

Part III. Relative Building and Tank ~otion 

Or. ~ing-Ou c:,ang has investigated t!'le effects of relative building and tank 

motion in the 8-120 Tank Fann that •,it0uld occur as a result of seismic 

activity. rrom this study he has conclude1 that the relative building and 

tank :notion in the 8-120 Tank Fann '"'ould not produca any significant increase 

in piping stresses. Dr. Chang• s •,1or~. tit 1 ed "0 iff erent i a 1 Movements at 

support points" is presented in Appendix C of this re;:iort. 
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VISUAL EXAMINATION OF TANK ANNULI AT THE 241-AN TANK FARM 

1.0 INTRODUCTION 

The Tank Farm Project Tank Integrity Assessment Program Plan, WHC-SD-WM
AP-017, Rev. 0, (WHC 1991) identifies the tasks to be performed during the 
assessment of the existing tank system which stores or treats dangerous waste. 
This assessment is in response to the requirements defined by the Washington 
State Department of Ecology's Dangerous Waste Regulations, Washington 
Administrative Code (WAC) 173-303-640(2). Closed-circuit television {CCTV) 
examinations in the annuli of the 241-AN tanks has been performed as required 
by the integrity assessment program plan. The results of the examinations 
have been reviewed and are reported in this document. 

2.0 OBJECTIVES 

The objectives of the visual examinations are to determine whether there 
is visual evidence of leakage of liquid waste from the primary-shell and 
degradation and corrosion of the primary- and secondary-shells, to provide a 
record of surface conditions as a baseline for subsequent examinations, to 
evaluate the environmental corrosiveness of the environment of the primary
and secondary-shell surfaces, and to survey the annulus for surface conditions 
and hardware that could restrict or obstruct access for the performance of 
non-destructive examinations planned~ 

3.0 SCOPE 

The CCTV examinations were conducted via two 4-in. pipe dome risers about 
180° apart in each of the seven 241-AN double-shell tanks (DST); see Table 1. 
The camera was lowered through the risers into the annuli. The visible 
surfaces of the primary- and secondary-steel tanks and the insulating concrete 
were examined, and all images were recorded on video tape. Verification check 
sheets were completed during the CCTV examinations to provide an examination 
record. An examination review report for the CCTV video tape and examination 
records has been completed for the annuli listed below: 

241-AN-101, risers 17E and 17L 
241-AN-102, risers 17E and 17L 
241-AN-103, risers 17A and 17H 
241-AN-104, risers 17B and 17H 
241-AN-105, risers 17D and 17K 
241-AN-106, risers 17C and 17H 
241-AN-107, risers 17C and 17H. 
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4.0 CCTV EXAMINATION EQUIPMENT AND PROCEDURES 

The Acceptance Test Report for Doub1e-She11 Tank Inspectjons, WHC-SO-WM
ATR-018, (WHC 1992) demonstrates the acceptability of the CCTV examination 
system. The acceptance test report provides the following description of the 
equipment and activities for OST inspections. The examination system consists 
of a remotely operated video camera suspended on aluminum rods. The tilt 
capability of the camera is 65° up and 90° down from the horizontal plane. 
The horizontal pan range is approximately 340°. The camera is equipped with 
lights of variable intensity. The camera is qualified to examine from a 
distance of 20 ft (6.09 m) at which resolution is equivalent to that 
attainable by direct visual examination. Direct visual examination is 
equivalent to resolving a 1/32 in. (0.079-cm) line on an 18 percent neutral 
gray card at a distance of 24 in. (60.9-cm). This standard is taken from the 
Rules for In-Service Inspection of Nuclear Power Plant Components, Section XI, 
ASME Boiler and Pressure Vessel Code (ASME 1989). 

Electronic position encoders provide real-time digital position reference 
of the CCTV images in the annulus. The view of the examination camera was 
monitored during the examination. The focus, zoom, lighting, and speed of the 
camera were adjusted to provide the optimum examination with the equipment 
available . When a condition required more detailed examination, extra effort 
was made to obtain clear images. Additional detail regarding the equipment 
used and inspection procedure is available in CCTV Examination Operating 
Procedure for the Double-Shell Tanks, WHC-SO-WM-TCP-003, Rev. 0 (WHC 1992) . 

The maximum gamma radiation exposure rates in roentgens per hour (R/hr) 
encountered by the equipment in the 241-AN tank farm annuli are listed as 
follows: 

241-AN-101 - 1 R/hr 
241-AN-102 - 50 R/hr 
241-AN-103 - 30 R/hr 
241-AN-104 - 40 R/hr 
241-AN-105 - 30 R/hr 
241-AN-106 - 30 R/hr 
241-AN-107 - 40 R/hr. 

The camera was lowered through the designated risers into the annulus. 
The examination began with the camera at approximately 25 ft (7.6 m) below the 
top of the riser and continued in 4-ft (1.2-m) increments to a depth where the 
bottom knuckle of the primary-shell can be viewed. A continuous vertical 
strip of the surface of the primary- and the secondary-shell was examined from 
the 25 ft (7.6 m) depth to and including the secondary-shell bottom of the 
annulus. Approximately 18 percent of the primary-shell surface and 30 percent 
of the secondary-shell surface were examined in each tank. Figure 1, depicts 
the viewing position of and the area covered by the camera in the annulus. 
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The primary-shell surface coverage is limited by the curvature. The 
secondary-shell coverage is limited by the range of the camera, which is 20 ft 
(6.09m). 

5.0 GENERAL OBSERVATIONS 

As previously noted, the video examination was monitored at the site. 
Areas requiring more detailed examination were revisited until the examination 
was considered adequate. In these observations all forms of corrosion or 
oxidation of the inner or outer shell surfaces will be described as rust. 

Photograph #093974-28CN, Attachment l, provides a reference view of the 
surface of the 241-AN-101 primary-shell taken in 1980 before the tank was 
placed in service. The surface condition has not changed much. 

The 241-AN video tapes listed in Table l were viewed by an accredited 
second-party examination, through the System Structural Integrity Assessment 
group, to provide recorded, independent review observations (Attachment 3). 
Rust does exist one many areas. The accumulation of rust was always greater 
at the welds and the adjacent heat-affected area. The degree of rust varies 
from tank to tank, but is more marked between the primary- and 
secondary-shells. Without exception, the progress of rust on the 
secondary-shell exceeds the progress of rust on the primary-shell. 

In several areas on both primary- and secondary-shell surfaces, 
condensation appears to have existed. Stains from a small water puddle were 
observed on the floor of the annulus in the area of the leak-detector sensor. 
Whether the source of this puddle was condensation or leakage from outside the 
secondary tank has not been determined. 

The CCTV video tape shows airborne particles in motion. The loose mill 
scale on the annulus floor indicates a greater loss of mill scale from the 
secondary-shell than the primary-shell. 

Attachment 3 describes areas of corrosion, markings, and blemishes that 
were observed and cannot be accounted for. None are thought to reflect 
significant degradation of the tank integrity. There was no discernable 
degradation of the concrete insulation between bottoms of the primary- and 
secondary-shells. 
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FIGURE 1 - TYPICAL ARRANGEMENT FOR ANNULUS EXAMINATION 
OF THE 241-AN DOUBLE-SHELL TANKS 
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LIST OF 241-AN TANK ANNULUS EXAMINATION TAPES 
(All tapes reviewed by E. J. Walter) 

Examination 
Examination Examination depth range Date 

access riser* date (inches) reviewed 

241-AN-101-17E 04/15/92 300-648 11/19/92 
04/16/92 

241-AN-101-17L 04/21/92 300-644 12/02/92 

241-AN-104-178 04/22/92 300-642 12/07/92 

241-AN-105-170 04/23/92 300-642 12/09/92 

241-AN-104-17H 04/24/92 300-642 12/10/92 

241-AN-105-17K 04/24/92 300-642 12/11/92 

241-AN-102-17E 05/14/92 300-636 12/14/92 

241-AN-103-17H 05/07/92 300-636 12/14/92 
05/11 /92 

241-AN-103-17A 05/12/92 300-636 12/14/92 

241-AN-102-17L 05/12/92 300-636 12/15/92 
05/13/92" 

241-AN-106-17H 05/18/92 300-636 12/15/92 

241-AN-107-17C 05/19/92 300-636 12/16/92 

241-AN-106-17C 05/26/92 300-636 12/16/92 

241-AN-107-17H 05/21/92 300-636 12/17/92 

*Reference SD-RE-Tl-093, Double-Shell Underground Waste Storage Tanks, Riser Survey . 
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There is evidence that liquid has drained down the inner and outer 
surfaces on at least two separate occasions. The evidence of the earlier 
draining is the corrosion pattern, especially on the outer surface. The 
corrosion covers a large portion of the surface with some panels showing more 
corrosion than others, and there are islands where mill scale remains. 
Evidence of the second draining is a whitish residue that streaks down the 
height of both the inner and outer tank surfaces, originating in the haunch 
region. This whitish substance, which generally overlays the rust or mill 
scale crust, does not appear either to have initiated or accelerated the 
corrosion process. 

Attachment 2 includes three photographs taken from the 241-AN CCTV video 
tape. Photograph A2-2 is a view of a suspicious area in a vert i cal weld in 
the haunch area of the secondary-shell. This weld was made from the external 
side with a backing plate on the side of the weld viewed by the camera. The 
camera zooms in on a short segment of the weld seam in the backing plate 
(Photograph A2-3). This photograph shows a crater-like configuration in the 
backing plate. Study of this crater led to the conclusion that it had been 
formed during construction; it appears not to be a threat to the integrity of 
the weld seam at this time. 

Photograph A2-4 is a view of a horizontal weld and two adjoining plates 
in the primary-shell. This photograph depicts the surface condition of the 
adjoining plates. The general corrosion on the upper plate has progressed 
further than that on the lower plate, which retains most of its mill scale. 
One reason for drawing attention to this condition is to point out that the 
difference in the degree of corrosion on the two adjoining plates probably 
reflects corrosion that had begun before the plates were jointed and that has 
not progressed appreciably since. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

The review found no primary-shell leakage, degradation, or defect that 
would cause any of the tanks or the insulating concrete to be unfit for 
service. The reviewer believes that the portion of the 241-AN tank surface 
area examined was adequate to determine that the tanks are not unfit for 
service. 
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6.2 RECOMMENDATIONS 

• A Kodak1 color bar should be used inside the annulus or before an 
annulus is entered to establish a more accurate color comparison. 

• The humidity in the annulus should be maintained at 70 percent or 
less to reduce the potential for corrosion or rust. See Metals 
Handbook (1987, p.511} and Shreir (1963, p.2.11} for the effects of 
atmospheric factors on corrosion. Precautions should be taken to 
keep water out of the annulus. 

• 

• 

A comparison examination of these same tank areas should be included 
in the subsequent periodic integrity assessments of these tanks. 

Long-term plans should evaluate the need to perform examinations 
through other risers. Based upon the findings a ten year interval 
ought to be adequate between examinations. 

1Kodak is a registered trademark of the Eastman Kodak Company. 
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APPENDIX 

February 9, 1993 

INSTRUCTIONS FOR VISUAL EXAMINATION OF THE 
TANK ANNULI OF THE DOUBLE-SHELL TANKS 

1.0 PURPOSE 
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This instruction provides the procedure for performing visual examinations of 
the tank annuli of the double-shell tanks in the tank farms in the 200 Areas. 

2.0 SCOPE 

-"""i-ch The scope of this instruction includes the prerequisites for performing the 
examination, performance of the examination, and preparation of a report. 

3.0 RESPONSIBILITIES 

3.1 ENGINEERING SURVEILLANCE AND TESTING GROUP 

The Engineering Surveillance and Testjng group is responsible for providing 
the examination system, for qualifying the examination system, and for 
performing the examination. 

3.2 SYSTEM STRUCTURAL INTEGRITY ASSESSMENTS 

The System Structural Integrity Assessments group is responsible for providing 
the examination requirements, examination oversight, qualified evaluators, and 
an evaluation and report of the examination results. 

4.0 REQUIREMENTS 

The requirement for performing the visual examination of the primary- and 
secondary tank surfaces from within the annulus using closed circuit 
television is found in the Tank Farr, Project Tank Integrity Assessment Program 
Plan, WHC-SD-WM-AP-017. 

A-1 
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Qualification of the closed circuit television {CCTV) system is required 
through the Acceptance Test Procedure for Doub7e-She77 Tank Inspections, WHC
SD-WM~ATP-018 and the Acceptance Test Report for Doub1e-She77 Tank 
Inspections, WHC-SD-WM-AJR-018. 

The visual examination shall be performed in accordance with the CCTV 
Examination Operating Procedure for the Doub1e-She11 Tanks, WHC-SO-WM-TCP-003 . 

The evaluation and report shall include information as available to meet the 
following objective. 

"The objective of visual examination is to determine whether there is 
evidence of leakage of liquid waste from the primary-shell into the 
annulus, to check for leakage through the secondary-shell, provide a 
baseline record for subsequent examinations, evaluate the corrosiveness 
of the environment of the primary- and secondary-shell surfaces, and to 
provide a survey of the annulus for material surface condition and for 
hardware inside the annulus that could ·restrict or obstruct the 
performance of non-destructive material examinations being planned." 

5.0 PROCEDURE 

5. 1 PRE-EXAMINATION ACTIVITIES 

The pre-examination activities, such as scheduling, permits, and safety 
reviews shall be performed in accordance with the CCTV Examination Operat ing 
Procedure for the Double-Shell Tanks, · WHC-SD-WM-TCP-003. _ . 

5.2 EXAMINATION PERFORMANCE 

The visual examination of the double-shell tank annuli shall be performed in 
accordance with the CCTV Examination Operating Procedure for the Double-Shell 
Tanks, WHC-SD-WM-TCP-003. This operating procedure includes the following: 

• The scope of the examination 

• The systematic viewing procedure 

• General areas to be included in the examination 

• Guidelines identifying conditions that may receive more detailed 
examination 

• Verification check sheets used as examination record 

A-2 
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The temperature and radiation dose rate in the annuli is also measured and 
recorded to prevent the use of examination equipment that may not be 
compatible with the annulus environment. 

5.3 EXAMINATION REPORT 

The examination report should include the following information . 

• Describe the configuration and construction of the double-shell tanks, 

• 

• 

specifically in the annulus area. 

Describe the methods and the equipment used to perform the visual 
examination. 

Review the Acceptance Test Procedure for Doub7e-She77 Tank Inspections , 
WHC-SD-WM-ATP-018, the Acceptance Test Report for Doub7e-She17 Tank 
Inspections, WHC-SD-WM-ATR-018, and the CCTV Examination Operating 
Procedure for the Double-Shell Tanks, WHC-SD-WM-TCP-003. 

• Review the completed check sheets and environmental information recorded 
during the examination. Be alert for record of any unusual findings, such 
as leakage or other abnormalities. 

• Review the video tapes and record findings in a manner that enables a 
second independent party to readily access and view the section of the 
tape from which a specific finding was recorded . 

• Prepare a report from these recorded findings and examination records t ha t 
responds to the objectives and requirements stated above . 

• Issue the report in accordance with the requirements of the Standard 
Engineering Practices , WHC-CM-6-1. 
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Video Examination Record - Double-Shell Tank Annulus 
241-AN Tanks 
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Tape Time 

Hr Min 

8 45 

9 57 

* * 

* * 

* * 

1 21 

*Not Shown 
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of _l_ 
Video Examination Record - Double-Shell Tank Annulus . 

Date: 11/19/92 

Tank Number: 241-AN-101-17E Examination Date: 04/16/92 Tape Number: AN 11 

Reviewer: E. J. Walter/ ~u/at/4.- (Print/Signature) 

Complementary 
Information 

Reviewer Conwnents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -0 Start 

0 300 -76° A flake of mill scale, several square inches in size appears to have 
fallen off the outer shell surface. 

-40 300 71 A dark spot on the outer surface and lighter circular spots are 
noticed in the haunch area. 

-200 300 15 Remnants of a thermocouple welded or soldered to inner shell surface 
are observed. A majority of the mill scale remains attached to the 
inner annulus surface. 

-240 300 69 The area along and below the circumferential weld to the haunch is 
rusted moderately. Areas above this weld retain much of the mill 
scale. 

-20 444 47 A small patch of heavier than normal rust not related to a weld is in 
view. There is not enough detail to draw conclusions. 

-40 492 -32 The ventilation pipe surface does not appear to be as weathered as the 
shell surfaces. 
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Tape Time 

Hr Min 

1 58 

2 12 
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of 
Video Examination Record - Double-Shell Tank Annulus 

Page _2_ _L 

Date: 11/19/92 

Tank Number: 241-AN-101-17E Examination Date : 04/16/92 Tape Number: AN #1 

Reviewer: E. J. Walter/ z_~~ (Print/Signature) 

Complementary 
Information 

Reviewer Co11111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

-200 588 -40 There is a stain on the annulus floor that appears to have been a 
puddle of water. It is located near the group of conduits which fan 
out toward their various destinations. 

-190 648 5 The concrete pad beneath the primary vessel does not appear to be 
degrading. The outer wall shows more general corrosion and corrosion 
along the welds than the inner wall. Chalk marks, in some cases 
appear to have been made since the corrosion occurred. 
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Tape Time 

Hr Min 

9 57 

10 27 

1 12 

1 36 

1 41 

1 58 
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Video Examination Record - Double-Shell Tank Annulus 

Date: 12/02/92 

Tank Number: 241-AN-101-17L Examination Date: 04121192 Tape Number: MLll 

Reviewer: E. J. Walter/ z.qli14t~ (Print/Signature) 

Complementary 
Information 

Reviewer Co11111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 62 On the outer wall the parent material above the circumferential weld 
has significant mill scale in place while the material surface below 
this circumferential weld has significant flaking of mill scale. 

-20 396 -59 In the distance it appears that· a circular weld, possibly a 
fabrication access port, was made in the lower section of the outside 
wall. 

-20 492 -68 An insect or a particle of some sort passed by the camera. 

-20 588 -30 A support, presumably from construction scaffolding appears to be 
partially jerked loose from the secondary wall. 

-120 588 -36 There appears to be a horizontal surface irregularity, a small rust 
line. Attention should be qiven to this area during the next exam. 

-45 644 -6 Summary - outer wall surface shows significantly more flaking and 
rust, especially along the welds and heat affected zone, than the 
inner vessel surfaces. The instrumentation penetration joint near the 
bottom of the vessel looked crude, but no evidence of leakage. The 
insulating concrete looked OK. Annulus floor has a heavy dusting of 
fallen mill scale. 
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Tape Time 

Hr Min 

9 22 

9 33 

9 43 

10 01 

2 07 
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Video Examination Record - Double-Shell Tank Annulus 

Date: 12/07/92 
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Tank Number: 241-AN-104-17B Examination Date: 04[22[92 Tape Number: AN #3 

Reviewer: E. J. Walter[ f:~ LtJaJ~ (Print/Signature) 

Complementary 
lnformatfon 

Reviewer Contnents 
Azim. Depth Tilt 
(Deg.) (; n.) (Deg.) 

-12 300 -6 Start. 

-207 300 84 As in other areas, there are run markings on the inner vessel surface 
apparently originating at the intersection between the secondary and 
primary vessel, in the haunch region. These light colored markings, 
possibly from concrete leak thru, extend from the top to the bottom, 
but do not appear to have a degrading effect on the surface. 

-20 348 42 A strip of material, possibly plastic tape, is stuck on the outer 
annulus surface. 

-60 396 720 Both inner and outer surfaces have evidence that some liquid drained 
down at some prior time. Evidence of related corrosion at the whitish 
residue was not observed. 

-61 642 -10 The annulus floor has a heavy dusting of mill scale, rust & a few 
pieces of rock-like substance. The insulating concrete looked okay. 
The inner surface had less rusting than the outer surface. 
Significant degradation of the vessel walls due to rusting was not 
apparent. 
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Tape Time 

Hr Min 

10 03 

10 20 

13 25 

13 35 

14 31 
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Tank Number: 241-AN-105-17D Exam.ination Date: 04/23[92 Tape Number: AN 14 

Reviewer: E. J. Walter/ ~lA J.J J-e.r- (Print/Signature) 

Complementary 
Information 

Reviewer Co11111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -84 Start. 

-20 300 84 It appears that a rivulet in the haunch portion of the outer shell has 
corroded thru the mill scale to . an unknown extent, but degradation is 
not thought to be serious. Perhaps this is caused by ongoing leakage 
of surface water into the annulus. The image is similar in size and 
shape to a weld joint. 

-140 444 -59 A thermocouple, welded or brazed to the surface of the primary vessel 
is in view. 

-33 492 -68 Corrosion or splattered foreign material possibly concrete, is seen on 
the conduit. It is of similar color to the galvanized conduit. 

-30 642 -11 The leak detector probe appears to be static and possibly touching the 
annulus floor. The probes in other tanks, in at least some cases had 
a pendulum motion and did not appear to touch the annulus floor. 
There is evidence of a small dried puddle at the sensor. The annulus 
floor has a heavy dusting of mill scale, rust and a few particles of 
unknown origin. ENO. 
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Tape Time 

Hr Min 

9 22 

9 33 

1 28 

1 33 
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Video Examination Record - Double-Shell Tank Annulus 

Date: 12/10/92 

Tank Number: 241-AN-104-17H Examination Date: 04/24/92 Tape Number: AN #5 

Reviewer: E. J. Walter/ £~.lAkiU:- (Print/Signature) 

Complementary 
Information 

Reviewer Connents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -52 Start. 

-180 300 75 Discoloration of the outer vessel in the haunch area is noticed but 
not thought to be of significan~e. The camera zoomed in well on this 
area. 

-27 642 2 A length of conduit or tubing, ~1", is lying on the annulus floor. An 
object, appearing to be a roll of white tape was seen on the floor in 
the opposite direction. 

-9 642 0 ENO. 
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Tape Time 

Hr Min 

9 04 

9 07 

13 05 

13 37 

13 40 

13 41 

Page _1_ 

WHC-SD-WN-RPT-061 
REV. 0 

of _1_ 
Video Examination Record - Double-Shell Tank Annulus 

Date: 12/11/92 

Tank Number: 241-AN-105-17K Examination Date: 04/27/92 Tape Number: AN #6 

Reviewer: E. J. Walter/ ~~ (Print/Signature) 

Complementary 
Information 

Reviewer Coments 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -68 Start. 

-40 300 82 The haunch of the outer vessel has a patched discoloration thought to 
be residue from a dried water puddle collected from rain before this 
section was welded into place. 

-80 540 -58 Most of the mill scale on the primary vessel surface remains in place 
and a lesser amount of the mill scale on the outer vessel is in place. 

-108 -642 3 There is residue, whitish in color and dried, remaining on the 
insulation pad. Through runs are seen going down both the inner and 
outer walls, evidence of this liquid or material on the annulus floor 
is near non-existent. Perhaps the floor has been since cleaned. 

-75 642 -23 The metal form around the insulation pad has flaking rust, but this 
should not be siqnificant. 

-9 642 -9 END. 
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Tape Time 

Hr Min 

9 17 

9 21 

9 46 

1 33 

1 57 

Page _1_ 
Video Examination Record - Double-Shell Tank Annulus 

Date: 12/14/92 

WHC-SD-WN-RPT-061 
REV. 0 

of _1_ 

Tank Number: 241-AN-102-17E Examination Date: 05/14/92 Tape Number: AN 17 

Reviewer: E. J. Walter/ ~uki,k- (Print/Signature) 

Complementary 
Information 

Reviewer Co11111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -81 Start. 

-40 300 79 The camera is panning in on a spot in the haunch area which appears to 
have been discolored by puddle of water. 

.:.120 348 13 Both inner and outer (more so) surfaces show general corrosion with a 
significant amount of the mill scale no longer in place. It is noted 
that the white residue, originating in the area where the outer haunch 
meets the primary vessel and running downward over both inner and 
outer surface, appears to have occurred AFTER most of the corrosion or 
rusting. 

-80 5882 -51 A carbuncle looking blemish appears on the inner surface. It appears 
to be a protrusion from surface, roughly l" diameter. It is not 
adjacent to a weld or other suspect indication. 

-7 636 8 The annulus floor has a heavy dusting of flakes of rust & mill scale. 
Both the inner and outer surfaces have more general rusting than 
normally seen. However, degradation is not thought to have a 
significant effect on the vessel integrity. 
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Video Examination Record - Double-Shell Tank Annulus 

Date: 12/14/92 

Page _1_ 

WHC-SD-WH-RPT-061 
REV. 0 

of _1_ 

Tank Number: Z41-AN-103-17H Examination Date: 05/07/92 & 05/11/92 Tape Number: AN #8 

Tape Time 

Hr Min 

13 40 

13 41 

9 42 

1 26 

2 21 

2 36 

2 58 

Reviewer: E. J. Walter/ £..stuLJJ.,k,.- (Print/Signature) 

Complementary 
Information 

Reviewer Comments 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -38 Start. 

0 300 36 There is a discoloration at the lower end of a vertical weld in the 
haunch segment of the outer surface. The origin or cause of the 
discoloration is not understood. 

-40 348 -21 Continuation from yesterday - Cross-hatch markings are noticed on one 
of the inner surface panels. The vertical weld appears to be crusty 
with rust but the image is not clear. 

-159 348 39 The contour of the inner surface corrosion is as if a liquid draining 
from top toward bottom had caused it. 

-20 540 -28 A rather heavy coating of rust along a circumferential weld and 
extending below the weld is seen. The image definition is not as 
clear as desired. 

-20 588 -26 In the distance, on the floor of the annulus, appears an indication of 
a drip from above. 

-43 636 -4 A white substance probably residue from the material that drained from 
top of vessel, is on the isolation pad and on the annulus floor. 
There is no obvious problem with this substance. 
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Tape Time 

Hr Hin 

9 00 

9 01 

9 44 

10 08 

10 41 

10 50 

11 03 

Page _1_ 
Video Examination Record - Double-Shell Tank Annulus 

Date: 12/14 & 12/15/92 

WHC-SD-WH-RPT-061 
REV. 0 

of _1_ 

Tank Number: 241-AN-103-17A Examination Date: 05/12/92 Tape Number: AN #9 

Reviewer: E. J. Walter/ ~S:}w~1..w- (Print/Signature) 

Complementary 
Information 

Reviewer Co11111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -65 Start. 

-20 300 -29 Particles appear to be flowing upward and toward the camera . Origin 
or cause is unknown. --I 

C") 
C 

-220 396 70 The rust on a vertical weld and heat affected area appears more 
advanced than normal. Perhaps the camera position magnifies the 
effect. 

-60 492 3 There are chicken wire configured markings on the inner vessel 
surface, possibly a result of the heat treatment. 

-26 588 -88 A pile of whitish substance is noticed on the annulus floor. 

-200 588 -76 The surface of the vent pipe suggests that the annulus may have been 
filled with liquid to a depth of -9", judging by the sediment marking 
on the 4" vent pipe . The vent pipe shows negligible corrosion. 

-15 636 0 The camera panned on the steel isolation pad form. This steel form is 
showing heavy flakes of rust . The annulus floor had a heavy dusting 
of mill scale & rust. 
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Video Examination Record - Double-Shell Tank Annulus 

Date: 12/15/92 

Page _1_ 

WHC-SD-WM-RPT-061 
REV. 0 

of _1_ 

Tank Number: 241-AN-102-HL Examination Date: 05/12 & 05/13/92 Tape Number: AN #10 

Tape Time 

Hr Hin 

1 43 

1 45 

1 55 

9 41 

10 25 

10 40 

10 42 

10 44 

Reviewer: E. J. Walter/ cyµ~ (Print/Signature) 

Complementary 
Information 

Reviewer CoR111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

-1 300 -66 Start. 

-20 300 20 The area above the outer vessel circumferential weld to the haunch 
shows minor corrosion with the _mill scale in place and area below this 
weld shows general corrosion and most of the mill scale is gone. 

-200 300 85 There are yellowish patches of discoloration of unknown origin in the 
haunch of the outer vessel. Evidence of corrosion in the patch areas 
are not found. 

-38 492 -66 The leak detector has a pendulum action and it appears that a wet spot 
exists just below the sensor. 

-80 588 67 During the past few feet it appeared that a small insect was walking 
across the lens of the camera. 

-35 636 11 The leak detector is swinging less than l" off the floor, the dark 
spot mentioned earlier may be caused by sensor's pendulum motion. 

-144 636 6 There is a discoloration on the primary vessel surface, origin 
unknown. 

-10 636 1 There is a discoloration in the weld area of the lowest 
circumferential weld of the outside wall, origin unknown. The annulus 
floor has a heavy dusting of mill scale and rust debris. 
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Tape Time 

Hr Min 

9 28 

9 29 

10 46 

1 55 

Page _1_ 
Video Examination Record - Double-Shell Tank Annulus 

Date: 12/15/92 

WHC-SO-WH-RPT-061 
REV. 0 

of _1_ 

Tank Number: 241-AN-106-17H Examination Date: 05/18/92 Tape Number: AN #11 

Reviewer: E. J. Walter/ ~u.!..Lk.r-- (Print/Signature) 

Complementary 
In format ion 

Reviewer Conments 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -27 Start. 

-20 300 53 A vertical weld in the haunch outer wall has evidence of excessive 
rusting in a local area just ab~ve the circumferential weld junction. 
The cause is unknown but is possible due to weld repair or weld 
procedure irreqularitv. There is no evidence of leakaqe. 

-200 444 18 There is evidence of 2 sets of numerous runs of liquid down the 
surface of the inner and outer walls. The earlier set of liquid runs 
resulted in a pattern of corrosion, especially on the outer surface. 
The second or latter run resulted in a whitish residue which does not 
appear to have initiated or accelerated the corrosion process. 

-10 636 -28 The annulus floor has a heavy dusting of mill scale and rust. As in 
previous observations, a larger portion of the outer surface mill 
scale has disappeared. No significant degradation of the inner or 
outer walls was ascertained. 
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Tape Time 

Hr "in 

8 55 

8 58 

1 30 

WHC-SO-WM-RPT-061 
REV. 0 

Page _1_ of _1_ 
Video Examination Record - Double-Shell Tank Annulus 

Date: 12/16/92 

Tank Number: 241-AN-107-17C Examination Date: 05/19/9Z Tape Number: AN 112 
Reviewer: E. J. Wa]ter/ qt'~ (Print/Signature) 

Complementary 
Information 

Reviewer CoR111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -56 Start. 

0 300 56 There is evidence of general corrosion beginning and including the 
circumferential weld at the lower end of the outer vessel haunch and 
continuing downward. Corrosion above this weld is significantly 
lighter. 

-10 636 0 The dust, mill scale and rust on the annulus floor appears to be 
greater than observed in most cases. 
General CoR111ent: The residue of numerous and varied runs has 
effectively masked the primary shell surface in these areas. 
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Tape Time 

Hr Min 

8 44 

l 42 

l 43 

Page _1_ 
Video Examination Record - Double-Shell Tank Annulus 

Date: 12/16/92 

Tank Number: 241-AN-106-17C Examination Date: 05/26/92 Tape Number: AN #13 

Reviewer: E. J. Walter/ £.qu_Jati<-- (Print/Signature) 

Complementary 
Information 

Reviewer Conments 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -69 Start. 

-84 636 12 A blemish is noted on the tank surface. It's origin is unknown, 
possibly an arc or a thermocouple sensor welded to the tank. It 
circled with a white marker, which indicates that it received 
attention earlier. Its siqnificance is inconclusive. 

-84 636 -36 Observations have been typical, more general corrosion on outer 
surface than the inner. No specific significant degradation was 
not iced .. 
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Tape Time 

Hr Min 

9 59 

10 02 

10 31 

13 02 
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Page _1_ 
Video Examination Record - Double-Shell Tank Annulus 

Date: 12/17 /92 

WHC- S0- WN-RPT-061 
REV . 0 

of _1_ 

Tank Number: 241-AN-107-17H Examination Date: 05/21192 Tape Number: AN 114 

Reviewer: E. J. Walter/ ~uJ~ (Print/Signature) 

Complementary 
Information 

Reviewer Con111ents 
Azim. Depth Tilt 
(Deg.) (in.) (Deg.) 

0 300 -58 Start. 

-20 300 54 It appears that there are longitudinal voids of significant size in 
the backup bar on the vertical weld in the haunch. The camera panned 
in on one void to give more visibility to the void. It is concluded 
that this condition was evaluated and accepted during construction. 
Possibly these voids resulted from irregular welding procedures and 
suck back durinq weldinq. 

-220 348 30 An unknown small creature crawlinq on the inner surface was observed. 

-120 492 --- A fly-1 i ke insect was observed. 

-18 636 4 The annulus floor has a heavy dusting of mill scale and rust with 
larger diverse particles mixed in. Most of the outer surface mill 
scale is gone, due to corrosion. The inner surface is corroded to a 
lesser degree. 
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VISUAL EXAMINATION REPORT FOR TANK ANNULI AT THE 241-SY TANK FARM 

1.0 INTRODUCTION 

The Washington State Department of Ecology's Dangerous Waste Regulations , 
Washington Administrative Code (WAC) 173-303-640(2) (a) has provisions for 
integrity assessments of tank systems. This section of the WAC states: 

"For each existing tank system, the owner or operator must 
determine that the tank system is not leaking or is unfit for use." 

Additionally the WAC states that the written assessment, to be kept on file 
at the facility, will be reviewed and certified by an independent, qualified 
registered professional engineer, in accordance with WAC 173-303-810-(13)(a). 
These regulations are applicable to the hazardous portion of wastes stored in the 
various facilities of the Tank Farm Project. 

The Tank Farm Project Tank Integrity Assessment Program Plan, WHC-SD-WM-AP-
017, Rev. 0, identifies the tasks to be performed during the assessment of the 
existing tank system which are regulated by the WAC. The Tank Farm Project Tank 
Integrity Assessment Program Plan describes the components to be assessed and the 
examinations, tests, analysis, data management and reporting requirements. 

Closed circuit television (CCTV) examination of select areas of the annulus 
of the tanks was performed and the results of the examinations have been reviewed 
as required by the integrity assessmen·t program plan. The findings of those 
reviews are contained in this report. This report satisfies the visual 
examination requirements of the Tank Farm Project Tank Integrity Assessment 
Program Plan. 

2. 0 OBJECTIVE 

The objective of the program plan is to determine if the tank system is "not 
leaking" or is "unfit for use", in order to satisfy the WAC requirements. 

The program plan requires this examination to assess the degradation and 
corrosion of the primary and secondary shells, to provide a record of surface 
conditions as a baseline for subsequent examinations, to identify the present 
state of corrosion of the primary and secondary shell walls in the annulus , and 
to survey the annulus for surface conditions and hardware that could restrict or 
obstruct access for the performance of other non-destructive examinations . 
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Further, this type of examination is able and intended to detect visible 
cracks, potential leak sites, and other physical impairments. This report in 
accordance with the objective of the program plan, documents how the examination 
was conducted, the observations and the conclusions. 

3.0 SCOPE 

The visual examinations were conducted in two phases. 

PHASE I 

A CCTV camera was lowered via two 4-in. pipe dome risers approximately 180 ° 
apart in each of the three 241-SY double shell tanks (DST); see Table 1, thereby 
providing access to the tank annulus. 

The visible surfaces of the primary and secondary steel tanks and the 
insulating concrete were examined by an examination engineer, and all images were 
recorded on video tape. Verification check sheets were completed during the CCTV 
examinations by the examination engineer to provide an examination record. See 
Attachment 1. 

PHASE II 

A review of the video tape was performed after completion of the initial 
examination of the three tanks in the farm. Review observation records for the 
CCTV video tapes have been completed (see Attachment 4) for the annuli listed 
below: 

241-SY-101, riser 180 and 18J 
241-SY-102, riser 18C and 18H 
241-SY-103, riser 188 and 18G 

2 
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Tape# 
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18 
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4A 

4B 
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TABLE 1 
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LIST OF 241-SY TANK ANNULUS EXAMINATION TAPES 
(All tapes reviewed by J. Harris) 

Exam Access Exam Exam Date 
Riser* Date Depth Range (in.) Reviewed 

241-SY-102-18H 11/24/92 300-588 02/02/93 

241-SY-102-18H 11/25/92 588-635 02/11/93 

241-SY-102-18C 11/30/92 300-636 01/28/93 

241-SY-101-18J 12/02/92 300-636 01/25/93 

241-SY-101-18D 12/02/92 300-636 01/26/93 

241-SY-101-18D-3 12/30/92 396-492 01/26/93 
and 9B-3,4 

241-SY-103-18G 12/03/92 300-636 02/11/93 

241-SY-103-18B 12/04/92 300-636 02/01/93 

*Reference SD-RE-Tl-093, Double-Shell Underground Waste Storage Tanks, 
Riser Survey. 

4.0 CCTV EXAMINATION EQUIPMENT AND PROCEDURES 

The Acceptance Test Report for Double-Shell Tank Inspections, WHC-SD-WM-ATR-
018, (WHC 1992) demonstrates the acceptability of the CCTV examination system . 
The acceptance test report provides the following description of the equipment 
and activities for DST inspections. The examination system consists of a 
remotely operated video camera suspended on aluminum rods. The tilt capability 
of the camera is 65° up and 90° down from the horizontal plane . The horizontal 
pan range is approximately 340°. The camera is equipped with lights of variable 
intensity. The camera is qualified to examine from a distance of 20 ft. (6.09m) 
at which resolution is equivalent to that attainable by direct visual 
examination. Direct visual examination is equivalent to resolving a 1/32 in. 
(0.079-cm) line on an 18 percent neutral gray card at a distance of 24 in.(60.0-
cm). This standard is taken from the Rules for In-Service Inspection of Nuclear 
Power Plant Components, Section XI, ASME Boiler and Pressure Vessel Code (ASME 
1989). 

Electronic position encoders were used to provide real-time digital position 
reference of the CCTV images in the annulus. The view of the examination camera 
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was monitored by the examination engineer during the examination. The focus, 
zoom, lighting, and speed of the camera were adjusted to provide the optimum 
viewing with the equipment available. If a suspected discrepancy appeared, every 
effort was made to obtain a clear image for review and record. Additional detail 
regarding the equipment used and the inspection procedure is available in CCTV 
Examination Operating Procedure for the Double Shell Tanks, WHC-SD-WM-TCP-003 , 
Rev. 0 (WHC 1991). 

The camera was lowered through the designated risers into the annulus. The 
examination began with the camera lowered approximately 25 feet (7.6m) below the 
top of the riser and continued in 4-foot (1.2m) increments to a depth where the 
bottom knuckle of the primary-shell could be viewed. A nearly complete vertical 
strip of the surface of the primary and secondary-shell was examined from the 25 
foot (7.6m) depth to and including the secondary-shell bottom of the annulus. 

The various risers used for access into the annuli may be 1 ocated at 
different radii. When a riser is located closer to the outer wall, the actual 
degree of rotation the camera can achieve without hitting the secondary shell is 
reduced. The actual amount of camera rotation is shown on the video review 
records in Attachment 4. 

Approximately 18 percent of the primary-shell surface and 30 percent of the 
secondary-shell surface were examined in each tank. Figure 1 depicts the viewing 
position of and the typical area covered by the camera in the annul us. The 
primary-shell surface coverage is limited by the curvature of the tank. The 
secondary-shell surface coverage is limited by the range of the camera, which is 
20 feet (6.09m). 

The radiation rates were measured at different depths in each tank annulus 
A calibrated R07 probe was used. The maximum gamma radiation exposure rates in 
roentgens per hour (R/hr) encountered by the equipment in the 241-SY tank farm 
annuli are listed as follows: 

241-SY-101 - 33.0 
241-SY-102 - 3.6 
241-SY-103 - 49.0. 
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39' 4" 
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55'10" 
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80' dia. 1 
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8" 

Approximate Camera ---1111~1 

Position 

~ viewed areas Not to Scale 

FIGURE 1. Typical Arrangement for Annulus Examination of the Double-Shell 
Tanks. 
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As previously noted, the video examination of the primary tank and secondary 
liner wall and the insulating concrete surfaces was accomplished using a closed 
circuit television (CCTV). As the examination occurred, the image was viewed on 
a monitor by the examination engineer at the site and recorded on a video 
cassette tape. Areas with indications of suspected material degradation were 
revisited until the examination was considered adequate. 

The photograph in Attachment 2 provides a reference view of the condition 
of the surface of the 241-SY-101 primary shell taken after construction and 
before the tank was placed in service. The surface condition has not 
significantly changed . 

The 241-SY video tapes listed in Table 1, were viewed by a certified second 
party examiner, through the System Structura 1 Integrity Assessment group , to 
provide recorded, independent review observations (Attachment 4). 

During review of tape 4A an indication was observed. As a result tape 4B 
was made to get a better view of the indication from a closer, more direct angle. 
The indication was determined to be not significant. 

Rust does exist over many areas of the tank shell surfaces, however the 
degradation of the tanks is considered minimal. The accumulation of rust was 
generally greater at the welds and the adjacent heat affected zone than at other 
areas. The degree of rust varies from tank to tank, but more markedly between 
the primary and secondary-shells. Without exception, the progress of rust on the 
secondary-shell exceeds the progress of rust on the primary-shell. 

In several areas on both primary and secondary-shell surfaces, condensation 
appears to have existed. Also on the secondary-shell in the haunch area there 
are several circular water lines with accompanying rust residue. It is believed 
that this rust was caused when the haunch subassemblies were inverted before 
assembly, and were allowed to collect rainwater and condensation (dew). 

Attachment 4 describes areas of corrosion, markings and blemishes that were 
observed and cannot be accounted for. None are thought to reflect significant 
degradation of the tank integrity. Several areas of the castable refractory 
concrete were noted as being upset, cracked , or otherwise degraded. 

There is evidence of liquid draining down the primary tank and secondary 
shells during at least two separate intervals. The evidence of the earlier 
draining is the corrosion pattern, especially on the secondary liner wall. The 
corrosion covers a large portion of the surface with some panels showing more 
corrosion residue than others and there are islands where the mill scale remains . 
Evidence of the second draining is a whitish residue which streaks down both 
shells, originating in the haunch region. This whitish residue, which generally 
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overlays the rust residue or mill scale, does not appear to have initiated or 
accelerated the corrosion process. 

Attachment 3 contains photographs taken from the video tapes which depict 
conditions observed. Photograph A3-2 is a view of the castable refractory 
concrete showing the cracked, spalled, upset condition in the area extending from 
the primary shell tank knuckle to the refractory retaining ring. The surface of 
the refractory is severely degraded. Photograph A3-3 shows what appears to be 
multiple pores on the primary tank wall. 

The 20 degree azimuth rotation of the camera when in the near horizontal 
position and viewing the primary shell wall straight on, often times allows an 
area of the tank wall to be missed from viewing. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

This visual examination found no indications of primary steel shell tank 
leakage. 

Further, this examination did not detect evidence of visible cracks, 
potential leak sites, or other physical impairments to the tank shells. 

The apparent porosity viewed on the primary shell tank wall of SY 102 
through riser 18H, does not include evidence of surface corrosion. The depth of 
these indications cannot be determined by remote visual examination. During 
future vi sua 1 inspections, these i ndi cations can be exp 1 ored for changes by 
comparison of video tape records . 

The damaged refractory which is visible in the SY tank farm does not seem 
to have any detrimental affect on the integrity of the tanks. No primary shell 
settlements were observed. If this condition exists under the primary shell 
bottom plate not visible by this examination, there may be enough debris to 
partially obstruct the annulus ventilation system air flow. 
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1. A Kodak1 color bar inside the annulus would be useful for establishing 
a more accurate color comparison. 

2. The humidity in the annulus should be maintained at 70 percent or less 
to reduce the potential for corrosion or rust. See Metals Handbook 
(1987, p.511) and Shreir (1963, p.2.11) for the effect of atmospheric 
factors on corrosion. Precautions should be taken to keep water out of 
the annulus. 

3. A comparison examination of these same tank areas should be included in 
the subsequent periodic integrity assessments exami nat i ans of these 
tanks. 

4. Long term plans should evaluate the need to perform future additional 
visual examinations through other risers. If future examinations are 
only to coincide with this examination, it is recommended that the 
examination frequency be ten years minimum. 

5. The examination engineer should keep a running log of azimuth and 
elevation during the recording process of future visual examination. 

6. The tilt range of the camera in the very high and low extremes 
presently captures the same area of view approximately 4 times in the 
course of the examination. The tilt range should be reduced to 
minimize this redundancy. 

1Kodak is a registered trademark of the Eastman Kodak Company. 
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Video Review Record - Double-Shell Tank Annulus 
241-SY Tanks 
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Tape Time 

Hr Min 

No 

10 44 

10 52 

10 54 

10 55 

10 56 

10 56 

11 00 

11 05 

13 26 

13 38 

13 44 

13 48 

13 50 

13 55 

14 10 

9~131'{7 .. 0194 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 02/02/93 

Tank Number: 241-SY-102-lBH Inspection Date: 11/24/92 Tape Number: __nA_ 

Reviewer: J. Harri ~ /., ,,. . (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

Clock Start 

55 -20 300 -75 

06 -80 300 -42 Black spots - pore like or pin hole 

27 -100 300 35 More pores 

49 -100 300 -53 More pores 

38 -120 300 -74 Thermocouple inclined linear scab indication 

57 -120 300 -37 Weld spatter 

25 -160 300 -45 Pores 

01 -220 300 End 

28 -20 348 85 Start 

05 -138 348 29 Indication - round rod protruding from wall (thermocouple) 

28 -213 348 82 Construction fixture left attached to backing bar 

46 -240 348 End 

50 -21 396 -89 Start 

11 -57 396 -75 Stain spot on floor of annulus 

14 - 240 396 End 
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Tape Time 

Hr Min 

14 12 

14 28 

14 33 

09 31 

09 32 

09 48 

09 52 

10 02 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 02/02/93 

Tank Number: 241-SY-102-lBH Inspection Date: 11/24/92 Tape Number: 

Reviewer: J. Harris~/7:'{,:::;;i (Print/Signature) 

Complementary 
VCR Information 

Reviewer Conments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

44 - 20 444 -89 Start 

26 -240 444 End 

37 - 20 492 -88 Start - false start 492" missing 

03 -20 540 -89 Start 11/25/92 

35 - 20 540 -20 Outer wall - horizontal weld ground flat 

33 -240 540 End 

15 -20 588 -89 Start 

14 140 588 End 
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9'H3 l'~-7.0196 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 02/11/93 

Tank. Number: 241-SY-102-lSH Swee~ Inspection Date: 11/25/92 Tape Number: 

Reviewer: J. Harri s/<.. ~ ~.?<;::z:X. <( ~ (Print/Signature) 

Complementary 
Tape Time VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

Hr Min (Min-Sec) (Deg.) (in.) (Deg.) 

10 08 22 -200 588 70 Start 

10 13 18 -240 588 End 

No Clock -3 635 12 Start 

10 24 52 -43 635 -5 Clock start 

10 27 42 -181 635 -14 Air passage way is not cut in steel ring 

10 30 50 635 End 
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Tape Time 

Hr Min 

10 9 

10 10 

10 13 

10 14 

10 23 

10 27 

10 30 

10 36 

10 37 

10 44 

10 50 

10 53 

10 54 

10 54 

11 00 

13 05 

9'H31 11? .0197 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 01/28/93 

Tank Number: 241-SY-102-lBC Inspection Date: 11/30/92 Tape Number: ...1L 

Reviewer: J. Harrist®=,.....~ ~,.,......- (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg . ) (in.) (Deg.) 

00 0 300 -85 Start 

32 - 20 300 64 Erection clip left in place - outer wall 

30 - 50 300 56 Inner wall-debri deposits built up at 2 places 

50 -81 300 38 Inner wall-heavy streaminq residual. white 

18 -200 300 69 Outer wall - temp fixture left attached 

00 -240 300 End 

16 0 348 -88 Start 

16 -100 348 - 60 The wire mesh pattern of the insulation blankets can 

35 -120 348 10 The wire mesh pattern of the insulation blankets can 

17 -240 348 End 

12 - 21 396 -89 Start 

38 -80 396 -14 Example of missed wall area from viewing 

21 - 100 396 - 13 Example of missed wa 11 area from viewing 

32 - 100 396 27 Horizontal weld i nner wall 

50 - 240 396 End 

19 - 10 444 -85 Start 
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Tape Time 

Hr Min 

13 19 

13 24 

13 37 

13 40 

13 44 

13 49 

13 51 

13 54 

14 04 

14 04 

14 09 

14 15 

91H 31 'i-7. • 198 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 01/28/93 

Tank Number: 241-SY-102-18C Inspection Date: 11/30/92 Tape Number: 

~< Reviewer: J. Harris/t9})·;_7-<;£✓<'j_;, (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

19 -240 444 End 

38 0 492 -89 Start 

01 -240 492 End 

08 -23 540 -90 Start 

06 -80 540 -65 Heavy scale 

50 -220 540 -15 Outer wall - backinq strip 

11 -240 540 End 

12 -1 588 -88 Start 

07 -240 588 -3 Outer wall - possible arc strike 

37 -240 588 End 

48 -8 636 2 Start 

14 636 End 
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Tape Time 

Hr Min 

9 22 

9 22 

9 26 

9 29 

9 34 

9 35 

9 35 

9 36 

9 39 

9 43 

9 43 

9 46 

9 50 

9 55 

9 59 

9 59 

911131~'7 .a 199 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 01/26/93 

Tank Number: 241-SY-101-18J Inspectfon Date: 12/02/92 Tape Number: _3_ 

Reviewer: J. Harris~ ,{ .... , (Print/Signature) 

Complementary 
VCR Information 

Reviewer Connents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

0 300 69 Start 

48 0 300 21 Outer wall - elongated indications near circum. weld 

55 -40 300 5 Mill scale remaininq after PWHT 

36 -80 300 72 Residue (blue) surrounding weld at "130" mark 

43 -160 300 73 Outer wall - tapered pin alignment tools ·left in place 

22 -169 300 71 Zoom in - backinq strip clearly visible (vertical) 

59 - 170 300 53 Penetration through outer wall dross/slaq showing 

26 - 159 300 60 Thermocouple? 

38 - 201 300 77 Horizontal backing strip on outer wall 

58 - 200 300 Stop 

58 0 348 -88 Start 

20 - 40 348 -4 Thermocouple? 

16 - 100 348 -67 Inner wall - scale 

- 210 348 Stop 

19 0 396 -84 Start 

24 0 396 -69 Outer wall - dark spots, possible dep ressions 
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Tape Time 

Hr Min 

10 02 

10 07 

10 10 

10 13 

10 14 

10 15 

10 16 

10 24 

10 32 

10 

10 32 

10 41 

10 44 

13 10 

13 11 

13 21 

13 22 

9'H 31 1{'7 0200 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 01/26/93 

Tank Number: 241-SY-101-18J Inspection Date: 12/02/92 Tape Number: _3_ 

Reviewer: J. Harris@A h~~J., (Print/Signature) 

Complementary 
VCR Information 

Reviewer Coninents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

18 -60 396 68 Inner wall - remnants of thermocouple? 

03 -140 396 0 Blue chalk on weld 

58 -190 396 Stop 

46 0 444 -72 Start 

07 1 444 -30 Dark elongated indication outer wall 

43 -20 444 -46 Somethinq hanqinq from inner wall (thermocouole?) 

02 -12 444 -70 Outer wall - vertical row of dark elonqated soots 

45 -160 444 -55 Something hanging from inner wall (thermocouple?) 

00 -200 444 Stoo 

0 492 -84 Start 

21 1 492 -26 Outer wall - dark elongated indications (vertical) 

52 -159 492 -14 Thermocouple? 

37 -200 492 End 

03 0 540 -86 Start 

06 0 540 14 Outer wall - vertical elonqated dark indications 

33 - 180 540 -27 Outer wa 11 - vertical elongated dark indications 

27 - 179 540 -75 Bottom - can top? 
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Tape Time 

Hr Min 

13 24 

13 26 

13 39 

13 39 

13 46 

13 47 

13 49 

13 52 

9~ 13 I 'i'7. 020 I 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 01/26/93 

Tank Number: 241-SY-101-18J Inspection Date: 12/02/92 Tape Number: _3_ 

Reviewer: J. Harrisf®~ $ / _,: (Print/Signature) 

Complementary 
VCR Information 

Reviewer CoD111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

20 -200 540 End 

44 0 588 -89 Start 

47 -210 588 60 Unistrut welded to outer wall 

48 -200 588 End 

58 0 636 -5 Start 

52 -20 636 -4 Retainer rinq, insulatinq concrete, lower knuckle 

55 -161 636 -21 Thermocouple wires 

56 636 End 
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Tape Time 

Hr Min 

09 06 

09 23 

09 29 

09 37 

09 44 

09 48 

10 01 

10 02 

10 05 

10 07 

10 11 

10 27 

10 36 

10 39 

10 50 

10 53 
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Page __L 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 

Tank Number: 241-SY-101-18D Inspection Date: 12L02l92 Tape Number: ~ 

Reviewer: J. Harris~.- , 'i';&.1'l1-
i/ 7 

{Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

{Min-Sec) (Deg.) (in.) (Deg.) 

36 0 300 -87 Start - aliqnment bracket left in place 

50 -240 300 End 

04 -20 348 -88 Start 

50 -140 348 -41 Thermocouple wire attached to inner wall 

19 -240 348 End 

16 -15 396 -66 Start 

43 -200 396 10 Indication on inner wall - Tape 4B made to further examine area 

38 -200 396 9 White deposit, inner wall, unexplained 

55 -208 396 4 White deposit, inner wall, unexplained 

59 -240 396 End 

21 3 444 -88 Start 

15 -215 444 End 

45 0 492 -75 Start 

23 -42 492 74 Dark spots on outer wall 

52 -200 492 -6 Thermocouple 

35 -240 492 End 
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12 55 

13 00 

13 02 

13 10 

13 13 

13 23 

13 25 

13 27 

13 32 

13 38 

13 44 

9'4131 '~·7 .OZO:i 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 

Tank Number: 241-SY-101-lSD Inspection Date: 12l02l92 Tape Number: __4L 

Reviewer: J. Harris/ ~ /._, .-3¼:1- · 7 7 (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

46 0 540 -81 Start 

00 -80 540 -26 Heavy scale 

27 -120 540 -52 Heavy scale 

43 -240 540 End 

35 -20 588 -88 Start 

11 -100 588 67 Heavy scale 

08 -140 588 -29 Weld joint horizontal -inner wall 

51 -160 588 -71 Clio attachment 

32 -200 588 End - pipe obstruction prevents further rotation 

00 0 636 18 Start 

10 636 End 
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Tape Time 

Hr Min 

03 33 

03 41 

04 48 

04 50 

04 51 

05 04 

05 07 

05 09 

05 28 

05 53 

06 00 

06 05 

06 06 

06 12 

06 18 

06 18 

91t 131 '~'7. 0204 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 01/25/93 

Tank Number: 241-SY-101-lBD-3/983,4 Inspectfon Date: 12/30/92 Tape Number: 

Reviewer: J. Harrisl~~d'{.--.: (Print/Signature} 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec} (Deg.} (in.} (Deg.} 

14 -57 396 -89 Start - Riser 18D-3 

45 End 

56 -206 (396} -63 Start 
444 

15 444 Depth readout is corrected to 444 

13 -213 468 -83 Depth corrected to 466 

00 468 End 

03 2 492 -89 Start 

-196 492 -5 Indication 

12 492 End 

44 0 468 -19 Start - Riser 9B3,4 

50 468 End 

45 -98 420 51 Start 

35 -93 420 51 Indication 

15 -107 420 17 Indication 

01 -110 408 14 Indication 

56 -109 396 -11 Indication 
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06 19 

06 22 

06 28 

06 45 

9'H 31 '~'7 .. 0205 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 01/25/93 

Tank Number: 241-SY-101-18D-3/9B3 1 4 Inspectfon Date: 12/30/92 Tape Number: 

Reviewer: J. Harris/~~.,,,,,,.....,..,.- (Print/Signature) 

Complementary 
VCR Information 

Reviewer CoR111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

49 -109 384 -29 Indication 

29 -92 384 -33 Indication 

23 -114 372 -48 Indication 

07 372 End 
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9 34 
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9 53 
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13 01 

9'1· f 31 '~·7 ~0206 

Page _u_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 02/11/93 

Tank Number: 241-SY-103-186 Inspection Date: 12/03/92 Tape Number: _5_ 

Reviewer: J. Harris~~~--~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

11 -20 300 -65 Start 

49 -100 300 -63 Heavy scale 

21 -220 300 End 

54 -20 348 -90 Start 

08 -120 348 29 Two or more indications showing heavy corrosion products with 
streaming fl ow marks on inner wall of corrosion products 

33 -180 348 End 

35 -20 396 -89 Start 

55 -160 396 57 Grind out porosity note on wall vertical weld area circled may have 
pore 

04 -160 396 29 Pore 1 i ke indications in vertical & horizontal weld 

40 -220 396 End 

09 -20 444 -88 Start 

23 -220 444 End 

32 0 492 -86 Start 

29 -220 492 End 

34 0 540 -87 Start 
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13 15 

13 18 

13 32 

13 39 

13 47 

91H 31 '~'7 .0207 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 02/11/93 

Tank Number: 241-SY-1O3-186 Inspection Date: 12/03/92 Tape Number: 

Reviewer: J. Harris/ ~~;/= - (Print/Signature) 

Complementary 
VCR Information 

Reviewer Con111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

44 -220 540 End 

11 -0 588 -88 Start 

19 -220 588 End 

42 0 636 0 Start 

19 636 End 
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9 47 
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10 9 

10 11 

10 21 
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10 40 

12 36 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 02/01/93 

Tank Number: 241-SY-103-188 Inspection Date: 12/04/92 Tape Number: 

Reviewer: J. Harris/~~~..,.-- · (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

46 0 300 -89 Start 

20 44 300 10 Residue deposits on inner wall 

34 -60 300 43 Zoom in - staining- inner wa 11 

29 -240 300 85 Backinq bar outer wall 

41 -240 300 End 

19 -26 348 -85 Start 

01 -120 348 -17 Thermocouple - inner wa 11 

14 -220 348 End 

56 0 396 -89 Start 

53 -220 396 End 

47 -20 444 -89 Start 

30 -220 444 End 

19 -20 492 -89 Start 

26 -120 492 70 Scale, several rust spots 

15 -220 492 End 

30 - 20 540 -90 Start 
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13 04 

13 08 
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13 14 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 02/01/93 

Tank Number: 241-SY-103-18B Inspection Date: 12/04/92 Tape Number: _6_ 

Reviewer: J. Harris/ ~ . (Print/Signature) 

Complementary 
VCR In format ion 

Reviewer Cormtents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

06 -220 540 End 

34 -20 588 -90 Start 

09 -220 588 End 

46 10 636 -10 Start 

55 -159 636 -27 Air passage way - round hole cut in steel rinq 

30 636 End 
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VISUAL EXAMINATION REPORT FOR TANK ANNULI AT THE 241-AP TANK FARM 

1.0 INTRODUCTION 

The Washington State Department of Ecology's Dangerous Waste Regulations, 
Washington Administrative Code (WAC) 173-303-640(2) (a) has provisions for 
integrity assessments of tank systems. This section of the WAC states: 

"For each existing tank system, the owner or operator must 
determine that the tank system is not leaking or is unfit for use." 

Additionally the WAC states that the written assessment, to be kept on file 
at the facility, will be reviewed and certified by an independent, qualified 
registered professional engineer, in accordance with WAC 173-303-810-(13)(a). 
These regulations are applicable to the hazardous portion of wastes stored in the 
various facilities of the Tank Farm Project. 

The Tank Farm Project Tank Integrity Assessment Program Plan, WHC-SD-WM-AP-
017, Rev. 0, identifies the tasks to be performed during the assessment of the 
existing tank system which are regulated by the WAC. The Tank Farm Project Tank 
Integrity Assessment Program Plan describes the components to be assessed and the 
examinations, tests, analysis, data management ·and reporting requirements. 

Closed circuit television (CCTV) examination of select areas of the annulus 
of the tanks was performed and the results of the examinations have been reviewed 
as required by the integrity assessment program plan. The findings of those 
reviews are contained in this report. 

This report satisfies the visual examination requirements of the Tank Farm 
Project Tank Integrity Assessment Program Plan. 

2. 0 OBJECTIVE 

The objective of the program plan is to determine if the tanks system is 
"not leaking" or is "unfit for use", in order to satisfy the WAC requirements. 

The program plan requires this examination to assess the degradation and 
corrosion of the primary and secondary shells, to provide a record of surface 
conditions as a baseline for subsequent examinations, to identify the present 
state of corrosion of the primary and secondary shell walls in the annulus, and 
to survey the annulus for surface conditions and hardware that could restrict or 
obstruct access for the performance of other non-destructive examinations. 

1 
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Further, this type of examination is able and intended to detect visible 
cracks, potential leak sites, and other physical impairments. This report in 
accordance with the objective of the program plan, documents how the examination 
was conducted, the observations and the conclusions. 

3.0 SCOPE 

The visual examinations were conducted in two phases: 

cc; PHASE I 
C'.J 
c:J: A CCTV camera was lowered via two 6-in. pipe dome risers approximately 180° • r-,.... apart in each of the eight 241-AP double-shell tanks (DST); see Table l, thereby 
::!.._ providing access to the tank annulus. 

The visible surfaces of the primary and secondary steel tanks and the 
insulating concrete were examined by an examination engineer, and all images were 
recorded on video tape. Verification check sheets were completed during the CCTV 
examinations by the examination engineer to provide an examination record. See 
Attachment 1. 

PHASE II 

A review of the video tape was performed after completion of the initial 
examination of the eight tanks in the farm. Review observation records for the 
CCTV video tapes have been completed (see Attachment 4) for the annuli listed 
below: 

241-AP-101, riser 17-54° and 236° 
241-AP-102, riser 17-54° and 236° 
241-AP-103, riser 17-54° and 236° 
241-AP-104, riser 17-54° and 236° 
241-AP-105, riser 17-54° and 236° 
241-AP-106, riser 17-54° and 236° 
241-AP-107, riser 17-54° and 236° 
241-AP-108, riser 17-54° and 236°. 

2 
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LIST OF 241-AP TANK ANNULUS EXAMINATION TAPES 
(All tapes reviewed by J. Harris} 

Exam Exam Exam Date 
Access Riser* Date Depth Range (in.) Reviewed 

241-AP-101-17-54° 02/10/92 300-636 03/25/93 

241-AP-101-17-236° 02/11/92 300-636 03/31/93 

241-AP-102-17-236° 03/13/92 300-630 04/01/93 

241-AP-102-17-54° 02/14/92 300-636 06/07/93 

241-AP-103-17-54° 02/19/92 300-636 06/08/93 

241-AP-103-17-236° 02/21/92 300-636 06/08/93 

241-AP-104-17-54° 02/24/92 300-636 06/21/93 

241-AP-104-17-236° 02/25/92 300-636 07/07/93 

241-AP-105-17-54° 02/27/92 300-636 07/08/93 

241-AP-105-17-236° 02/28/92 300-636 07/09/93 

241-AP-106-17-54° 03/02/92 300-636 07/13/93 

241-AP-106-17- 236° 03/03/92 300-636 07 /14/93 

241-AP-107-17-54° 03/14/92 300-636 07/15/93 

241-AP-107-17- 236° 03/06/92 300-636 07/16/93 

241 -AP-108-17-54° 03/17/92 300-636 07/19/93 

241-AP-108-17-236° 03/17/92 300-636 07/19/93 

*Reference SD-RE-Tl-093, Double-Shell Underground Waste Storage Tanks, Riser 
Survey. 

4.0 CCTV EXAMINATION EQUIPMENT AND PROCEDURES 

The Acceptance Test Report for Double-Shell Tank Inspections, WHC-SD- WM
ATR-018, (WHC 1992) demonstrates the acceptability of the CCTV examination 
system. The acceptance test report provides the following description of the 
equipment and activities for DST inspections. The examination system consists 

3 
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of a remotely operated video camera suspended on aluminum rods. The tilt 
capability of the camera is 65° up and 90° down from the horizontal plane. The 
horizontal pan range is approximately 340°. The camera is equipped with lights 
of variable intensity. The camera is qualified to examine from a distance of 20 
ft. (6.09m) at which resolution is equivalent to that attainable by direct visual 
examination. Direct visual examination is equivalent to resolving a 1/32 in. 
(0.079-cm) line on an 18 percent neutral gray card at a distance of 24 in.(60.0-
cm). This standard is taken from the Rules for In-Service Inspection of Nuclear 
Power Plant Components, Section XI, ASME Boiler and Pressure Vessel Code (ASME 
1989). 

Electronic position encoders were used to provide real-time digital 
position reference of the CCTV images in the annul us. The view of the 
examination camera was monitored by the examination engineer during the 
examination. The focus, zoom, lighting, and speed of the camera were adjusted 
to provide the optimum viewing with the equipment available. If a suspected 
discrepancy appeared, every effort was made to obtain a clear image for review 
and record. Additional detail regarding the equipment used and the inspection 
procedure is available in CCTV Examination Operating Procedure for the Double 
Shell Tanks, WHC-SD-WM-TCP-003, Rev. 0 (WHC 1991). 

The camera was lowered through the designated risers into the annulus. The 
examination began with the camera lowered approximately 25 feet (7.6m) below the 
top of the riser and continued in 4-foot (1.2m) increments to a depth where the 
bottom knuckle of the primary-shell could be viewed. A nearly complete vertical 
strip of the surface of the primary and secondary-shell was examined from the 25 
foot (7.6m) depth to and including the secondary-shell bottom of the annulus. 

The various risers used for access into the annuli may be located at 
different radii. When a riser is located closer to the outer wall, the actual 
degree of rotation the camera can achieve, without hitting the secondary shell, 
is reduced. The actual amount of camera rotation is shown on the video review 
records in Attachment 4. 

Approximately 18 percent of the primary-shell surface and 30 percent of the 
secondary-shell surface were examined in each tank. Figure 1 depicts the viewing 
position of and the typical area covered by the camera in the annul us. The 
primary-shell surface coverage is limited by the curvature of the tank. The 
secondary-shell surface coverage is limited by the range of the camera, which is 
20 feet (6.09m). 

4 
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55'10" 
-1' 

-2 1/2'~ 

Approximate Camera 
Position 

39' 4" 

~ - Risers -+-----~ 

80' dia. 1 

8" 

~ viewed areas Not to Scale 

FIGURE 1. Typical Arrangement for Annulus Examination of the Double-Shell 
Tanks. 
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The radiation rates were measured at different depths in each tank annulus 
A calibrated R07 probe was used. The maximum gamma radiation exposure rates in 
roentgens per hour (R/hr) encountered by the equipment in the 241-AP tank farm 
annuli are listed as follows: 

241-AP-101 - 0.0 
241-AP-102 - 30.0 
241-AP-103 - 20.0 
241-AP-104 - 30.0 

241-AP-105 - 30.0 
241-AP-106 - 1.9 
241-AP-107 - 1.9 
241-AP-108 - .710. 

5.0 GENERAL OBSERVATIONS 

As previously noted, the video examination of the primary tank and 
secondary liner wall and the insulating concrete surfaces was accomplished using 
a closed circuit television (CCTV). As the examination occurred, the image was 
viewed on a monitor by the examination engineer at the site and recorded on a 
video cassette tape. Areas with indications of suspected material degradation 
were revisited until the examination was considered adequate. 

The photograph in Attachment 2 provides a reference view of the condition 
of the surface of the 241-SY-101 primary shell taken after construction and 
before the tank was placed in service. The SY tank photograph is included, 
because a similar construction photograph of the AP tank farm was unavailable. 
Unlike other Hanford tank farms, the 241-AP primary shell steel plates surfaces 
were sand blasted during construction. This process removed the original mil l 
scale. 

The 241-AP video tapes listed in Table 1, were viewed by a certified second 
party examiner, through the System Structural Integrity Assessment group, to 
provide recorded, independent review observations (Attachment 4). 

Rust does exist over many areas of the tank shell surfaces, however the 
degradation of the tanks is considered minimal. The accumulation of rust was 
generally greater at the welds and the adjacent heat affected zone than at other 
areas. The degree of rust varies from tank to tank, but more markedly between 
the primary and secondary-shells . Without exception, the progress of rust on the 
secondary-shell exceeds the progress of rust on the primary-shell. 

In several areas on both primary and secondary-shell surfaces, condensation 
appears to have existed. Also on the secondary-shell in the haunch area there 
are several circular water lines with accompanying rust residue. It is believed 
that this rust was caused when the haunch subassemblies were inverted before 
assembly, and were allowed to collect rainwater and condensation (dew). 

6 
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Attachment 4 describes areas of corrosion, markings and blemishes that were 
observed and cannot be accounted for. None are thought to reflect significant 
degradation of the tank integrity. Several areas of the castable refractory 
concrete were noted as being cracked. The cracks are radial in direction and 
perpendicular to the top surface. The cracks seem to be consistently spaced 
between the air passageways. 

There is evidence of liquid draining down the primary tank and secondary 
shells during at least two separate intervals. The evidence of the earlier 
draining is the corrosion pattern, especially on the secondary liner wall. The 
corrosion covers a large portion of the surface with some panels showing more 
corrosion residue than others and there are islands where the mill scale remains. 
Evidence of the second draining is a whitish residue which streaks down both 
shells, originating in the haunch region. This whitish residue, which generally 
overlays the rust residue or mill scale, does not appear to have initiated or 
accelerated the corrosion process. 

Attachment 3 contains a photograph taken from the video tapes which depict 
conditions observed. Photograph A3-2 is a view of the cast ab 1 e refractory 
concrete. 

The 20 degree azimuth rotation of the camera when in the near horizontal 
position and viewing the primary shell wall straight on, often times allows an 
area of the tank wall to be missed from viewing. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

This visual examination found no indication of primary steel shell tank 
leakage. 

Further, this examination did not detect evidence of visible cracks, 
potential leak sites, or other physical impairments to the tank shells. 

The cracks in the castable refractory are minor. No indications of primary 
shell settlements were observed. The refractory provides vertical support for 
the primary she 11 . The total vertical support for both stee 1 she 11 s is the 
reinforced concrete slab under the secondary bottom. 

7 



6.2 RECOMMENDATIONS 

WHC-SD-WM-RPT-077 
REV. 0 

1. A Kodak1 color bar inside the annulus would be useful for establishing 
a more accurate color comparison. 

2. The humidity in the annulus should be maintained at 70 percent or less 
to reduce the potential for corrosion or rust. See Metals Handbook 
(1987, p.511) and Shreir (1963, p.2.11) for the effect of atmospheric 
factors on corrosion. Precautions should be taken to keep water out 
of the annulus. 

3. A comparison examination of these same tank areas should be included 
in the subsequent periodic integrity assessment examinations of these 
tanks. 

4. Long term plans should evaluate the need to perform future additional 
visual examinations through other risers. If future examinations are 
only to coincide with this examination, it is recommended that the 
examination frequency be ten years minimum. 

5. The examination engineer should keep a running log of azimuth and 
elevation during the recording process of future visual examinations. 

6. The tilt range of the camera in the very high and low extremes 
presently captures the same area of view approximately 4 times in the 
course of the examination. The tilt range should be reduced to 
minimize this redundancy. 

1Kodak is a registered trademark of the Eastman Kodak Company. 
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WHC-SD-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TI ME 

omp12 2a 

2 - -'V.i ct) I o 'Cf) 
amp 121:2a 

I <i:;;/J I 

r, 
TANK l RISER I.D. 

41-Ap-102. 

7 ·5'7Dcs I 7 t3:, S'-rDt!j 

VIDEO TAPE I.O. # 

4 P - (_I 

cursroe ~ALL OF Tae ?R!~A;iY 

:X IT CP~!I n1c 

CCllC:IEiE 

;:JC, !IELC\.I 

ALL •.;EL:lS 

ANNULUS FL CCR 

OF THE SLOTS l!I THE (NSUUT[!IC 

uwoea THE ?Rt~AaY 

No e..: f++- dept-' 396 Jhe.. eru:.order wCJ.-S no+ se-1- a.},e.a.c{ v11 +,'( 
lJe_ reo.ched· +-lte.. ~ :J..OO AZl'1T/-l {:)f\- ) .. J,L- ,19-t:, d~.p.J.h. 
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WHC-SD-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TIME 

~ 
TANK # 

4/·AP-103 
t7-S'l°'!J 

RISER I.D. VIDEO TAPE I.D. # 

A-P--5 
CUTS [OE \JALL OF TitE 

IHSIOE IJALL OF TitE ScC:~oAa~ 

UPP;~/LC-~n 

:!lGc !!Et.CV 

AHMULUS FLOCll 

:XI T CP'r!llllC OF THE SLOTS Ill THE IHStJLHlllC 

CCHC~EiE UNOE~ THE PtW4AllY UHJC 
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WHC-SD-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

I.NIT I AL/DATE/TI ME TANK J RISER r.o. 
J.'fl •JII - IO 3 
-P-236~ J7eJ.lh~ 

VIDEO TAPE I.O. # 

AP-t 
CI.JTSIOE YALL OF TaE ?R!~AaT 

IHSIOE YALL OF T~E SEC:llOAa! 

(llt;Cl:'.L: 

:!lGE set.CY 

AU '.;E!.:lS 

ANNULUS FL OCR 

:XIT CP'!lllllG OF THE SLOTS Ill THE IHSUUT[llC 

CCNC:!EiE UNDO THE Pfl 1!4.&i!Y UHIC 
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WHC-SD-WM-RPT-077 
Rev. o 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TIME 

r 
TANK # RISER I .0. 

~l-h-P-JOL( 

7-~'I~ /7e5lf ~ 

VIDEO TAPE I.D. # 

A-P-7 
omp1e ea 

CUTSIOE ~ALL OF THE ?R!MA~Y TA:o: 
·'121 :oo, 

IHSiOE ~ALL OF THE s~c:~OA2! UHi( 

omp1ecea I 
I 2.~)..5-CJ ).J /txJ fl". 

1ecea I 
I :t-2S ..£J 2.J {W f'M 

ANNULUS FLOC:R 

omp1ecea I 
I J..-JS-rJ.i I :oo!I\ 

:XIT CP~lll!IG 

CCHC2EiE 

OF THE SLOTS IN THE 

UNOE2 THE P~IMA2Y TAMI( 

IHSUUrt!IG 
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L..r7 
m 
C",,,J 
c=a-

• r-,..._ 
t _;. -m 

WHC-SD-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

IHITIAL/OATE/TIME 

\..Omp I 2 2Q 

Q{) 

TANK l RISER I.D. VIDEO TAPE I .O. # 
).4J-A,iJ-/O'-/ 

17~:23(, ~ 17 e!, J_J,6 

CUTSIOE ~ALL OF TnE ?R!~~~y 

IHSIOE ~ALL OF TnE S~C:liOAaY TAHX: 

:XIT CPflllllC 

c::HcaEiE 

l.'.lil!CX:L: 

UPPfVLC'.H 

ANNULUS FL OCR 

OF THE SLOTS I !I THE INS1JUTl!IC 

UNOE~ THE PRl~AaY 
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WHC-SD-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TIME 

omp,e ea 
f:fJ 

TANK i RISER I.D. VIDEO TAPE I.D. # 
2."fl•M·l 0 S 
17-54~ t7 ~ ~y DetJ !tP- Cf 

C:UTSIDE ~ALL OF THE ?R!~A~Y 

IHSIOE ~ALL OF TnE SEC:~o~a! T~H( 

:XI T CP~!WIC 

CCNCaEiE 

:OGE 3E!.C\l THE ?!! i~A~Y 

ANNULUS FL CCR 

OF THE SLOTS l!1 THE 

UNOEit THE Plll~UT 
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WHC-SD-WM-RPT-077 
Rev. 0 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TIME TANK # 
).4. J-Jl/)-JDI 

RISER I.O. 

17 e_ J.J{, 

VIDEO TAPE I.D. # 

-,1-u, /J,P-JC> 
CUTS I OE IIAll. 

IHS,OE IIALl. OF T~E SEC:HOAaY i~HI( 

TAHI( UPP~~/LC',;E~ l(Ht.:CX::.: 

SEC:NOAaY (llUCl(l.: 

CCNClE7E :OGE 3Et.C\J THE ;,q:~Aar r Alli( 

Alt. ·.-et.:is 

-'NNULUS FLOCR 

:XIT CP~lllHG OF THE SLOTS Ill THE IHSUUTlllG 

CCNC:!EiE UNOE:I THE PRl14,UY u,u: 
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WHC-SD-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

!HIT I AL/DATE/TIME TANK i RISER I.D. VIDEO TAPE I.D. # 
J.'tl-M· JO& 
-!7-S'ill!!J 17 t: 54 ~ AP- I l 

CUTS I OE 

lllSIOE 

sc:c:110,ur 

c::11c~Eic: 

EXIT CP~!WIC 

CCIIC:!EiE 

II.ALL OF Ti!E ?R ! ~~ .. r 

IIAI.L 

~MWULUS FL OCR 

Of THE SLOTS I !I THE 

UNOEi THE PR11'4AaT UIIIC 
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WHC-SD-WM-RPT-077 
Rev. o 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TIME 

omp1e ea 
~ 

TANK # RISER I.O . . 
4/-A~~106 

!1 t'.2J(. I 7 ~ ~~c 
7-1:U, --:J 

VIDEO TAPE I.O. # 

AP-tJ. 
CUTS!OE 

[HSiOE ~ALL OF THE ScC:J;O.l~~ 

X:lil!Cx:L: 

c::uCJEi i: :OCc SELCI.I 

.lLL '.;E!.:lS 

.lNMULUS FL CCR 

:X!T CP~!ll!IC OF THE SLOTS !!I THE lHS1JUrt!IC 

CCUC~Eie uwoea THE Ptlf14.UT 
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WHC-SD-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TIME VIDEO TAPE I.O. I 

AP-14 
ctJTS [CE ~All OF ,~E ?R!~AR~ 

tllSiOE 'JALL OF iHE Sc:C:UOAIIY T~HK 

CONC~EiE 

;XI T CPE!WIG 

CCNC~EiE 

iAllK UPPER/LC'.iE~ X:lltJCX:L: 

UPPEVLC'JE~ (!IUCX:L: 

:!lGc 3ELC1J THE ?R t:-IARY 

~LL 'JE!.:lS 

ANNULUS FLOOR 

OF iHE SLOTS [ll THE tHSUUrtllG 

UNDER THE ?!ll~A!IY 
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WHC-SD-WM-RPT-077 
Rev. 0 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

INITIAL/DATE/TIME TANK ti RISER I.O. VIDEO TAPE I.D. # 

;+P - I 3 
omp 1e 1.. 2 

OOTS [CE IJALL OF Ti!E ?R!!-4,l,i!Y i ,l,lllC 

INS IOE IJALL OF THE SeCCHOARY T,l,NX: 

?Rl/o!Ai!Y TANX: UPPEil/LC\JE~ X:llt.JCX:L: 

I 3-S-9 I :l: 
SeCCNOAi!Y UPPEi!/LC'.IEil X:NUCX:L: 

I J-5-9 J.. I. · D 

CONC~Eie :OCe 3ELC\J THE PR l1'1Ai! Y 

AL L '.iE!..:lS 

ANNULUS FLOOR 

EXIT OPENING OF THE SLOTS llf THE IHS1JUi l HG 

CCNCi!ETE UNOEil THE ?Rl~ARY UNI: 

/1/o-l~ ~ 1/.I 636 0:p/Ji. a-=(_ -)/4 JJV,,,Tf-j li~rc.. ,1.r .5°'_5/15 ~J: ljuti£ 

/-A.a. I A~J 6tUJI,\_ dr-)1,'~J o"'-f" fl,,~ bt, /-JoM. d,P JI, e_ ~ufey u.,a_/ / 
j u"s f- ~efotv ihe- deGfr, ·ca_ ( .bo v. 

Not"<--·. /tZM rt/ WtJ.S ¥1.tr!- e.)~rk1115 0~ 11t~ /a.S -J- ;a..s~ 
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WHC-SO-WM-RPT-077 
Rev. O 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHE~ 

INITIAL/DATE/TIME 
TANK # /R7ISeERSit./.o].J 

VIDEO TAPE I.D. # 
J._41·#-IO'f 

I J-~L{~~ AP-IS 
om p12c.2a 

w CUTS [CE 

[!IS ,oe '•ALL OF iHE Si:CCIIO.\RY i.:.Nl( 

'(llUCX:L: 

lCllUCX:L: 

CONC~Eii: :!>Ci: 3E!.CIJ iHE ?!l[:-4ARY r.:..~x: 

:oo cl . ALL •~i:!.::lS 

oJ ANNULUS FLOOR 

\.. omp 1etea 
:XIT OP~!ll)IG OF iHE SLOTS IM THE INStJUi:!IG 

13-17 -11./ii:oo c::11c:ie;e UNCH THE ?Rl)4ARY T..l!IX: 
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WHC-SD-WM-RPT-077 
Rev. 0 

AREAS OF INTEREST EXAMINATION VERIFICATION CHECK SHEET 

I
. INITIAL/ DATE/TIME TANK# 

I 
;J.YI-A-P- 10g 

RISc:R -I.D. VIDEO TAPE I.D . ~ 

17 eJ..26Tk p / 
I ·/7-)Jb~ -:r A - / fo 

l_,.,........,,~,,......,,,,__--------------------------1 ! ~o mp 12c2 I 
! ~ /3· (l,- :&,,fM 

curs ,ce \JALL 

111S[OE \JAL L OF i HE SECCJ;OAII'!' T~IIK 

KlltJCl:L: 
i ii--;.....c:,.__,..,,.;.,~..;_.:__,;-=-=~"'--------------------------1 

I 1-s-1~-c,11 ~=-------=-......... ----....... --_.__ _______________________ , 

I 

UPPEULC'.JE~ OOCl:L: 

COIIC~Ei i: :!JGE 3E t.C'J 

I , 

I ANIIULUS FLOOR 

I l. omp 1er.ea 
:XI T OPE!ll!IG OF iHE SLOTS l!I THE IMSUUit !IG 

CCIIC:lEi E UNDE~ THE ?IW4AIIY i .l.NIC 
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ATTACHMENT 2 

Photograph, Annulus, Tank 241-SY-101 
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ATTACHMENT 3 

Examination Photographs 
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ATTACHMENT 4 

WHC-SD-WM-RPT-077 
REV. 0 

Video Review Record - Doubles-Shell Tank Annulus 
241-AP Tanks 

A4-l 



Tape Time 

Hr Min 

9 50 

10 11 

10 33 

10 42 

10 54 

10 59 

10 59 

11 01 

11 02 

13 17 

13 24 

13 49 

13 50 

14 02 

14 27 

9'i I 3 I 'i'7 .0249 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 03/25/93 

Tank Number: 241-AP-101-17-54° Inspection Date: 02/10/92 Tape Number: 

Reviewer: J. Harri s:A/ ~ 1r. .~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

25 0 300 65 Start 

10 -141 300 85 Water lines on haunch of sec liner 

300 End 

05 0 348 -87 Start 

14 100 348 48 Pore 1 i ke Indications 

48 348 End 

21 0 396 -88 Start 

43 0 396 -28 Heavy rust spot on sec liner 

33 -3 396 -20 Zoom in 

32 -4 396 -20 Zoom in more linear indication in rust spot 

59 396 End 

02 -1 444 -48 Start picture quality is very poor 

39 -240 444 10 Heavy rust scale sec liner 

25 444 End 

30 -4 492 38 Start 

22 492 End 
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9'~· 131 'i} 025[) 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 03/25/93 

Tank Number: 241-AP-101-17-54• Inspection Date: 02/10/92 Tape Number: 

Reviewer: J. Harri~f ----~ (Print/Signature) 

Complementary 
Tape Time VCR Information 

Reviewer Conunents 
Time Azim. Depth Tilt 

Hr Min {Min-Sec) {Deg.) {in.) {Deg.) 

14 32 41 0 540 -87 Start 

14 34 00 0 540 29 Heavy rust secondary liner 

14 39 45 -80 540 -52 Vertical linear indication primary tank 

14 52 00 540 End 

14 56 30 0 588 -70 Start 

15 11 588 End 

15 13 0 588 Start - depth should be 636 

15 16 32 588 End - depth should be 636 

Page _l__ 
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Tape Time 

Hr Min 

9 51 

10 15 

10 20 

10 44 

10 53 

11 09 

13 25 

13 43 

13 56 

14 11 

14 14 

14 27 

14 30 

14 45 

14 46 

14 46 

9'4131 '{-7 .025 i 

Page _L 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 03/31/93 

Tank Number: 241-AP-101-17-236° Inspection Date: 02/11/92 Tape Number: _2 

Reviewer: J. Harris/,~,;;/,~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Mfo-Sec) (Deg.) (in.) (Deg.) 

25 0 300 -90 Start 

04 300 End 

28 0 348 -90 Start 

42 348 End 

48 0 396 -83 Start 

43 396 End 

27 0 444 -85 Start 

02 444 End 

33 0 492 -83 Start 

25 492 End 

25 0 540 -88 Start 

34 540 End 

29 0 588 -89 Start 

27 -135 588 -90 Zoom in to annulus floor looks like heavy pit corrosion or heavy 
layer of flaked fallen mill scale 

14 588 End 

14 -90 635 -89 Start 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 03/31/93 

Tank Number: 241-AP-101-17-236° Inspection Date: 02/11/92 Tape Number: 

Reviewer: J. Harris/@:>'o/.·Z/",;. (Print/Signature) 

Complementary 
Tape Time VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

Hr Min (Min-Sec) (Deg.) (in.) (Deg.) 

14 53 25 -60 636 -31 Outside surface of rinq steel deeolv corroded in 

15 11 56 636 End 

Page_!._ 
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· Tape Time 

Hr Hin 

09 32 

90 40 

10 49 

10 55 

13 36 

13 42 

13 58 

14 01 

14 16 

14 24 

09 55 

09 58 

10 21 

10 26 

10 37 

10 43 

9'~· 131 '{7 .ozsa 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 04/01/93 

Tank Number: 241-AP-102-17-236 Inspection Date: 02/13/92 Tape Number: 

Reviewer: J. Hards~ 1~-~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec} (Deg.} (in.) (Deg.) 

30 -1 300 -81 Start 

58 -19 300 11 Heavy rust scale area on outer wall 

27 300 End 

08 0 348 -65 Start 

29 348 End 

59 0 396 -89 Start 

30 396 End 

55 0 444 -89 Start 

41 444 End 

23 0 492 -77 Start 

04 492 End 

04 0 540 -65 Start 

27 1 540 -12 Heavy rust spot on outer wall 

25 -100 XXX 71 Depth corrected to 588 

29 588 End 

33 0 630 -19 Start 
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9~ I 3 I 'i'7 .0254 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 04/01/93 

Tank Number: 241-AP-102-17-236 Inspection Date: 02/13/92 Tape Number: _3_ 

Reviewer: J. Harris/ (Print/Signature) 

Complementary 
Tape Time VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

Hr Min (Min-Sec) (Deg.) {in.) (Deg.) 

10 45 18 -38 630 -14 Indication on pipe transverse 

10 46 19 -42 630 -12 Pipe entering ring lower has coating/wrapping missing on 

10 46 19 -42 630 -12 End 
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Tape Time 

Hr Min 

14 30 

14 31 

14 46 

14 06 

14 18 

14 38 

14 48 

14 51 

14 54 

15 04 

09 22 

9 38 

9 43 

9 58 

10 3 

10 27 

9'H 3 I 'i'7 .0255 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 06/07/93 

Tank Number: 241-AP-102-17-54° Inspection Date: 02l14/92 Tape Number: _4_ 

Reviewer: J. Harris/ @ ~ -7(:i: ...... (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) {Deg.) {in.) {Deg.) 

00 0 300 82 Start 

35 -187 300 84 Rust area sec wall haunch probably caused from rain on 
before installation 

55 300 End 

32 2 348 -66 Start 

38 348 End 

44 0 348 -52 Start 

30 396 Depth correction made 

40 396 End 

51 0 444 -66 Start 

48 444 End 

01 0 492 -67 Start 

28 492 End 

37 -1 540 -63 Start 

11 540 End 

9 0 588 -89 Start 

36 588 End 
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Tape Time 

Hr Min 

10 34 

10 35 

10 37 

9'1131 'i} .0256 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 06/07/93 

Tank Number: 241-AP-102-17-54° Inspection Date: 02/14/92 Tape Number: _4_ 

Reviewer: J. Harris ~ M _;f "--v' (Print/Signature} 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

. 

(Min-Sec} (Deg.) (in.} (Deg.) 

24 0 636 - 16 Start 

20 -84 636 2 Pit corrosion indications on lower knuckle of primary wall 

27 636 End 

Page _JL_ 

::a a: 
ff) :J: 
<n 
• I 

c,, 
oc 

I a: ::z 
I 

::a 
"'a 
-i 
I 

0 

" " 



L_ 

> 
~ 
I .... 

0 

Tape Time 

Hr Min 

1 41 

1 57 

2 0 

2 6 

2 20 

2 21 

2 23 

2 36 

2 38 

2 54 

1 50 

2 2 

2 5 

2 18 

2 22 

2 23 

9'i 13 I '{'7 i>0257 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 06/08/93 

Tank Number: 241-AP-103-17-54° Inspection Date: 02/19/92 Tape Number: _5_ 

Reviewer: J. Harris/~~~.<., .,_,· (Print/Signature) 

Complementary 
VCR Information 

Reviewer CoR111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

52 0 300 -85 Start 

33 -190 300 85 Rust residue from subassenmbly 

8 300 End 

55 0 348 -89 Start 

04 -240 348 -69 Heavy rust spot on secondary wall area incircled 

11 348 End 

08 0 396 -82 Start 

38 396 End 

32 0 444 -89 Start 

57 444 End 

30 0 492 -59 Start 

53 492 End 

15 0 540 -89 Start 

39 540 End 

54 -148 588 -78 Start 

53 0 588 -87 Start (Previous entry was false start) 

Page _9_ 

,a :a: 
Cl) ::t: 
<n 
• I 

en 
oc 

I 
:a: 
3 
I 

;:a 
""C 
-t 
I 

0 ..... ..... 



> .,:,. 
I --

Tape Time 

Hr Min 

2 29 

2 34 

2 37 

2 40 

2 40 

9't f 31'~'7. 0258 

Page __lQ_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 06/08/93 

Tank Number: 241-AP-103-17-54° Inspection Date: 02/19/92 Tape Number: _5_ 

Reviewer: J. Harris/ ~~;/,,..~ . ..:::: (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.} 

52 -160 588 -51 Indication lower right corner of screen directly below "4-H" 

6 588 End 

12 0 636 -2 Start 

43 200 636 -10 Horizontal pipe extending from ring has odd projection extending 
from it ( camera zoom in) 

47 636 End 
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Hr Min 

9 54 
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10 26 

10 39 
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10 54 

13 4 

13 15 

13 18 

13 30 

13 35 

13 56 

14 02 

14 05 

9~ 131'1-7 .0259 

Video Review Record - Double-Shell Tank Annulus 

Review Oat«: 06/08/93 

Tank Number: 241-AP-103-17-236° Inspection Date: 01/21/92 Tape Number: 

Reviewer: J. HarrisJo/@ if ~:.__,, (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

36 0 300 -57 Start 

26 300 End 

14 0 348 -90 Start 

45 348 End 

22 -240 396 -89 Start 

19 396 End 

56 0 444 -90 Start 

46 444 End 

5 0 492 -61 Start 

53 492 End 

9 1 540 -89 Start 

22 540 End 

04 0 588 -88 Start 

10 588 End 

59 0 636 0 Start 

05 -121 636 -12 Weld rod stub 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 06/08/93 

Tank Number: 241-AP-103-17-236° Inspection Date: 01/21/92 Tape Number: 

Reviewer: J. Harris/~~/.~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Con111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

44 636 End 
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Hr Min 

9 16 

9 30 

9 47 

10 0 

10 3 

10 16 

10 19 

10 33 

10 38 

10 51 

10 53 

11 05 

12 49 

12 53 

13 04 

13 09 

9'¾ 131'{7 .0261 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 06/21/93 

Tank Number: 241-AP-104-17-54° Inspection Date: 02/24/92 Tape Number: 

Reviewer: J. Harrh/~ ~r..-,, .. ;~ (Print/Signature) 

Complementary 
VCR In format 1 on 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

20 0 300 -50 Start 

25 300 End 

48 -1 348 -68 Start 

42 348 End 

45 0 396 -88 Start 

40 396 End 

42 0 444 -74 Start 

14 444 End 

27 0 492 -89 Start 

22 End 

59 0 540 -89 Start 

22 492 End 

48 0 588 -85 Start 

41 80 588 -54 Pipe 4" entering base ring has indication 

55 588 End 

20 0 636 2 Start 
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Page _1!_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 06/21/93 

Tank Number: 241-AP-104-17-54° Inspection Date: 02/24/92 Tape Number: _7_ 

Reviewer: J. Harris/~zt~-::z (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

50 -54 636 -13 ::::4" pipe entering base ring has unidentifiable cond. appears like 
peeling 

29 -54 636 -13 End 
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Hr Min 

02 23 
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02 38 

02 43 

2 58 

8 49 

8 37 

8 38 

9 1 

9 5 

9 20 

9 20 

9 27 

9 42 

9 45 

9J1131 'i? .ozsa 
Page _li_ 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/07/93 

Tank Number: 241-AP-104-17-236° Inspectfon Date: 02/25/93 Tape Number: _8_ 

Reviewer: J. Harris/:~_d,-<,~..,,: (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

38 0 300 -86 Start 

49 -120 300 -53 Weld profile (horz inner tank) irreqular 

39 -140 300 -49 Weld profile (horz inner tank) irreqular 

31 300 End 

57 0 348 - 68 Start 

59 348 End 

06 0 396 -52 Start 

23 -180 396 -12 None overlap example 

12 -200 396 -13 None overlap example 

32 396 End 

07 0 444 -67 Start 

05 -239 444 70 Sec. wall-heavy rust area concentrated (poor lighting missed this 
completely on first pass) 

15 444 End 

30 0 492 - 60 Start 

47 492 End 

32 0 540 -63 Start 
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Page_!.§_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/07/93 

Tank Number: 241-AP-104-17-236° Inspection Date: 02/25/93 Tape Number: _8_ 

Reviewer: J. Harris/,~:"~,~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

31 540 End 

40 0 588 -88 Start 

47 588 End 

27 4 636 -3 Start 

50 -42 636 -10 4" pipe has a partially peeled wrapping type material hanging from 
bottom of pipe. This explains earlier sitings on simular pipe 

04 636 End 
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Tape Time 

Hr Min 

13 14 

13 29 

13 35 

13 48 

13 49 

14 15 

14 17 

14 29 

14 34 

14 48 

14 49 
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09 09 

09 25 

09 30 

09 31 

9'1' 131 't 7. 0265 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/08/93 

Tank Number: 241-AP-105-17-54° Inspection Date: 02/27 /92 Tape Number: 

Reviewer: J. Harrisl~:m~~~~ 
/ 

(Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

37 0 300 -87 Start 

55 300 End 

30 0 348 -66 Start 

04 348 End 

56 2 396 -69 Start 

00 396 End 

19 0 444 -72 Start 

55 444 End 

57 0 492 -89 Start 

15 492 End 

49 0 540 -63 Start 

42 540 End 

53 0 588 -86 Start 

21 588 End 

27 0 636 -9 Start 

28 -112 636 -15 Cracks in insulation concrete 
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9't 13 I 'i'7 .0266 

Video Review Record - Double-Shell Tank Annulus 

Review Date : 07/08/93 

Tank Number: 241-AP-105-17-54° Inspection Date: 02/27/92 Tape Number: 

Reviewer: J. Harris./~~'/ .... ~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

13 636 End 
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Tape Time 

Hr Min 

10 37 

10 42 

10 45 

10 49 

10 57 
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12 48 

13 0 

13 02 

13 18 
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13 33 

13 39 

13 41 

13 54 
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Page __lL 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/09/93 

Tank Number: 241-AP-105-17-236° Inspection Date: 02/28/92 Tape Number: _JQ_ 

Reviewer: J. Harris-~(1-1,; ~ /, .... - {Print/Signature) 
J 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) {Deg.) (in.) {Deg.) 

30 0 300 -82 Start 

17 -206 300 41 Zoom in-looks like tape on inner wall 

22 300 End 

17 0 348 -87 Start 

29 -180 348 -29 lack of complete view 

20 -200 348 -3 lack of complete view 

02 348 End 

43 0 396 -69 Start 

20 -260 396 End 

07 0 444 -79 Start 

32 -260 444 End 

40 0 492 -80 Start 

56 -160 492 -36 Several pits 

45 492 End 

47 0 540 -90 Start 

09 -260 540 14 Outer wall, base of horz. weld, streaming of white residue possible 
construction mark, dark spot similar to other areas in vicinity. 
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Page ____m_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/09/93 

Tank Number: 241-AP-105-17-236° Inspection Date: 02/28/92 Tape Number: _jQ_ 

Revhwer: J. Harris~ <2)7::/4'6/A z (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (fo.) (Deg.) 

31 540 End 

28 0 588 -90 Start 

50 588 End 

56 0 636 13 Start 

10 -130 636 -16 Zoom in on airpassage way showing some insulating concret chips in 
passage way 

41 636 End 
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Tape Time 

Hr Min 
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13 31 
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14 36 

14 40 

14 53 

14 56 

15 00 

9'1131 'i} .0269 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/13/93 

Tank Number: 241-AP-106-17-54° Inspectfon Date: 03/02/92 Tape Number: 

Revhwer: J. HarristY/M1 J .. ~ 
';, 

(Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.} (in.) (Deg.} 

27 0 300 -64 Start 

16 300 End 

42 0 347 -69 Start 

18 347 End 

59 0 396 -66 Start 

36 -260 396 End 

41 0 442 -77 Start 

50 -260 442 End 

22 0 492 -66 Start 

46 492 End 

06 0 540 -65 Start 

01 540 End 

12 0 588 -90 Start 

29 588 End 

04 -7 636 14 Start 

30 636 End 
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10 55 
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91113 I '~'7 .0270 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/14/93 

Tank Number: 241-AP-106-17-236° Inspection Date: 03/03/92 Tape Number: 

Reviewer: J. Harris/ ccS:J< ft;y.,, .. ; , 
7 

(Print/Signature) 

Complementary 
VCR In format fon 

Reviewer Conments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

08 0 300 -86 Start 

14 300 End 

25 0 348 -71 Start 

11 -260 348 End 

26 0 396 -84 Start 

37 -260 396 End 

19 0 444 -89 Start 

01 444 End 

35 0 492 -90 Start 

41 492 End 

25 0 540 -89 Start 

53 540 End 

04 0 588 -90 Start 

35 588 End 

06 07 636 -1 Start 

44 636 End 
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Tape Time 

Hr Min 

09 34 

09 50 

09 54 

10 07 

10 13 
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12 47 
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13 21 
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14 02 

9'if 3 l'f 7 .0271 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/15/93 

Tank Number: 241-AP-106-17-54° Inspection Date: 03/40/92 Tape Number: 

Reviewer: J. Harris/«y --;'.-~?-1/. _:ia~ (Print/Signature) 

Complementary 
VCR Informatfon 

Reviewer Conments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

37 -1 300 -73 Start 

23 300 End 

51 0 348 -68 Start 

-161 348 -40 Appears like multiple pittinq 

42 348 End 

27 0 396 -76 Start 

25 -260 396 End 

52 0 444 -67 Start 

12 444 End 

05 0 492 -36 Start 

54 -165 492 64 Unexplained transverse irr. indication 

52 492 End 

23 0 540 -71 Start 

19 540 End 

13 0 588 -89 Start 

15 588 End 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/15/93 

Tank Number: 241-AP-106-17-54° Inspection Date: 03/40/92 Tape Number: 

Reviewer: J. Harris[~/r-Yl/.<-; (Print/Signature) 
/ 

Complementary 
VCR Information 

Reviewer CoR111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (; n.) (Deg.) 

25 0 636 -3 Start 

16 I I 636 I I End 
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9'i t 31 '{7 .0273 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/16/93 

Tank Number: 241-AP-107-17-236° Inspection Date: 03/06/92 Tape Number: -1L 

Reviewer: J. Harrisk-~mt:- -- ~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

35 0 300 -70 Start 

29 300 End 

29 0 348 -81 Start . 
11 348 End 

04 0 396 -84 Start 

27 -260 396 End 

36 0 444 -78 Start 

00 444 End 

55 0 492 -88 Start 

05 492 End 

22 0 540 -64 Start 

37 -119 540 75 Multiple corrosion sites more numerous than normal 

04 540 End 

41 0 587 -90 Start 

17 587 End 

16 0 636 -1 Start 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/16/93 

Tank Number: 241-AP-107-17-236° Inspection Date: 03/06/92 Tape Number: _lL 

Reviewer: J. Harris [<~7::-~ ,0/.,. ,_, (Print/Signature) 
,f 

Complementary 
VCR Information 

Reviewer Conments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

22 -55 636 -15 Melted debris partially coatinq 4" air intake pipe 

00 636 End 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/19/93 

Tank Number: 241-AP-108-17-54° Inspection Date: 03/17 /92 Tape Number: 

Reviewer: J. Harrisl.~5,)//./2t< ..- ,:; (Print/Signature) 
/ 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

{Hin-Sec) {Deg.) (in.) (Deg.) 

55 0 300 -72 Start 

01 300 End 

16 0 348 -66 Start . 
05 -260 348 End 

22 0 396 -53 Start 

12 396 End 

29 0 444 -72 Start 

18 444 End 

22 0 492 -63 Start 

31 -8 492 -41 Horz linear indication-irr. hair line 

13 492 End 

23 0 540 -80 Start 

59 540 End 

00 0 588 -90 Start 

29 588 End 

50 -2 636 68 Start 

12 636 End 
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9'i 131 'i} *0276 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/19/93 

Tank Number: 241-AP-108-17-236° Inspection Date: 03/17/92 Tape Number: 

Reviewer: J. Harris~~,,,-< ..- (Print/Signature) 

Complementary 
VCR Information 

Reviewer Conments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

19 0 300 -68 Start 

36 300 End 

38 0 348 -56 Start 

40 348 End 

13 -2 396 -89 Start 

17 396 End 

48 -2 444 -85 Start 

45 444 End 

26 0 492 -73 Start 

36 -260 492 End 

49 0 540 -86 Start 

11 540 End 

08 0 588 -90 Start 

56 -260 588 End 

28 -3 636 34 Start 

34 636 End 
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VISUAL EXAMINATION REPORT FOR TANK ANNULI AT THE 241-AY AND AZ TANK FARM 

1.0 INTRODUCTION 

The Washington State Department of Ecology's Dangerous Waste Regulations, 
Washington Administrative Code (WAC) 173-303-640(2)(a) has provisions for 
integrity assessments of tank systems. This section of the WAC states: 

"For each existing tank system, the owner or operator must 
determine that the tank system is not leaking or is unfit for use." 

Additionally the WAC states that the written assessment, to be kept on file 
at the facility, will be reviewed and certified by an independent, qualified 
registered professional engineer, in accordance with WAC 173-303-810-(13)(a). 
These regulations are applicable to the hazardous portion of wastes stored in the 
various facilities of the Tank Farm Project. 

The Tank Farm Project Tank Integrity Assessment Program Plan, WHC-SD-WM-AP-
017, Rev. 0, identifies the tasks to be performed during the assessment of the 
existing tank system which are regulated by the WAC. The Tank Farm Project Tank 
Integrity Assessment Program Plan describes the components to be assessed and the 
examinations, tests, analysis, data management and reporting requirements. 

Closed circuit television (CCTV) examination of select areas of the annulus 
of the tanks was performed and the results of the examinations have been reviewed 
as required by the integrity assessment program plan. The findings of those 
reviews are contained in this report. 

This report satisfies the visual examination requirements of the Tank Farm 
Project Tank Integrity Assessment Program Plan. 

2. 0 OBJECTIVE 

The objective of the program plan is to determine if the tank system is 
"not leaking" or is "unfit for use", in order to satisfy the WAC requirements. 

The program plan requires this examination to assess the degradation and 
corrosion of the primary and secondary shells, to provide a record of surface 
conditions as a baseline for subsequent examinations, to identify the present 
state of corrosion of the primary and secondary shell walls in the annulus, and 
to survey the annulus for surface conditions and hardware that could restrict or 
obstruct access for the performance of other non-destructive examinations. 

1 
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Further, this type of examination is able and intended to detect visible 
cracks, potential leak sites, and other physical impairments. This report in 
accordance with the objective of the program plan, documents how the examination 
was conducted, the observations and the conclusions. 

3.0 SCOPE 

The visual examinations were conducted in two phases: 

PHASE I 

A CCTV camera was lowered via two pipe dome risers approximately 180° apart 
in each of the two 241-AY and AZ double-shell tanks (DST) (see Table 1), thereby 
providing access to the tank annulus. The AY tank farm has 3-in. risers and the 
AZ tank farm has 4-in. risers. 

The visible surfaces of the primary and secondary steel tanks and the 
insulating concrete were examined by an examination engineer, and all images were 
recorded on video tape. Verification check sheets were completed during the CCTV 
examinations by the examination engineer to provide an examination record. See 
Attachment 1. 

PHASE II 

A review of the video tape was performed after completion· of the initial 
examination of the tanks in the farms. Review observation records for the CCTV 
video tapes have been completed (see Attachment 4) for the annuli listed below: 

241-AY-101, riser 17H and 17C 
241-AY-102, riser 17C and 17H 

241-AZ-101, riser 17A and 17F 
241-AZ-102, riser 17A and 17F 

2 
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LIST OF 241-AY & AZ TANK ANNULUS EXAMINATION TAPES 
(All tapes reviewed by J. Harris) 

Exam 
Exam Exam Access Exam Depth Range Date 

Tape# Riser* Date (in.} Reviewed 

AY TANK 

1 241-AY-102-17C 05/27/92 300-636 07/20/93 

2 241-AY-102-17H 05/28/92 300-636 07/21/93 

3 241-AY-101-17H 05/29/92 300-636 07/21/93 

4 241-AY-101-17C 06/01/92 300-636 07/23/93 

Exam 
Exam Exam Access Exam Depth Range Date 

Tape# Riser* Date (in.) Reviewed 

AZ TANK 

IA 241-AZ-101-17A 07/23/93 300-636 08/04/93 

1B 241-AZ-101-17A 07/26/93 636 08/04/93 

2 241-AZ-101 - 17F 07/26/93 300-655 08/05/93 

3 241-AZ-102-17F 07/27/93 300 08/13/93 

4 241-AZ-102-17A 07/30/93 300-660 08/23/93 

5 241-AZ-101-17A 07/28/93 Smear Sample 08/31/93 

*Reference SO-RE-Tl-093, Double-Shell Underground Waste Storage Tanks, Riser 
Survey. 

4.0 CCTV EXAMINATION EQUIPMENT AND PROCEDURES 

The Acceptance Test Report for Double-Shell Tank Inspections, WHC-SO-WM
ATR-018, (WHC 1992) demonstrates the acceptability of the CCTV examination 
system. The acceptance test report provides the following description of the 
equipment and activities for OST inspections. The examination system consists 
of a remotely operated video camera suspended on aluminum rods. The tilt 
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capability of the camera is 65° up and 90° down from the horizontal plane. The 
horizontal pan range is approximately 340°. The camera is equipped with lights 
of variable intensity. The camera is qualified to examine from a distance of 20 
ft. (6.09m) at which resolution is equivalent to that attainable by direct visual 
examination. Direct visual examination is equivalent to resolving a 1/32 in . 
(0.079-cm) line on an 18 percent neutral gray card at a distance of 24 in.(60.0-
cm). This standard is taken from the Rules for In-Service Inspection of Nuclear 
Power Plant Components, Section XI, ASME Boiler and Pressure Vessel Code (ASME 
1989). 

Electronic position encoders were used to provide real-time digital 
position reference of the CCTV images in the annul us. The view of the 
examination camera was monitored by the examination engineer during the 
examination . The focus, zoom, lighting, and speed of the camera were adjusted 
to provide the optimum viewing with the equipment available. If a suspected 
discrepancy appeared, every effort was made to obtain a clear image for review 
and record. Additional detail regarding the equipment used and the inspection 
procedure is available in CCTV Examination Operating Procedure for the Double
Shell Tanks, WHC-SD-WM-TCP-003, Rev. 0 (WHC 1991). 

The camera was lowered through the designated risers into the annulus. The 
examination began with the camera lowered approximately 25 feet (7 . 6m) below the 
top of the riser and continued in 4-foot (1.2m) increments to a depth where the 
bottom knuckle of the primary-shell could be viewed . A nearly complete vertical 
strip of the surface of the primary and secondary-shell was examined from the 25 
foot (7 . 6m) depth to and including the secondary-shell bottom of the annulus . 

The various risers used for access into the annuli may be located at 
different radii. When a riser is located closer to the outer wall, the actual 
degree of rotation the camera can achieve, without hitting the secondary shell, 
is reduced . The actual amount of camera rotation is shown on the video review 
records in Attachment 4. 

Approximately 18 percent of the primary-shell surface and 30 percent of the 
secondary- shell surface were examined in each tank. Figure I depicts the viewing 
position of and the typical area covered by the camera in the annulus. The 
primary-shell surface coverage is limited by the curvature of the tank . The 
secondary-shell surface coverage is limited by the range of the camera, which is 
20 feet (6.09m). 

4 
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39' 4" 

~-Risers -+------11--i 

55'10" 
-1' 

75' dia. 
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8" 

Approximate Camera ----'1~0 ~ 

Position 

~ viewed areas Not to Scale 

FIGURE 1. Typical Arrangement for Annulus Examination of the Double-Shell 
Tanks. 
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The radiation rates were measured at different depths in each tank annulus 
A calibrated R07 probe was used. The maximum gamma radiation exposure rates in 
roentgens per hour (R/hr) encountered by the equipment in the 241-AY & AZ tank 
farm annuli are listed as follows: 

241-AY-101 - 45.0 
241-AY-102 - 7.3 

241-AZ-101 - 250 
241-AZ-102 - 170 

5.0 GENERAL OBSERVATIONS 

As previously noted, the video examination of the primary tank and 
secondary liner wall and the insulating concrete surfaces was accomplished using 
a closed circuit television (CCTV). As the examination occurred, the image was 
viewed on a monitor by the examination engineer at the site and recorded on a 
video cassette tape. Areas with indications of suspected material degradation 
were revisited until the examination was considered adequate. 

The photograph in Attachment 2 provides a reference view of the condition 
of the surface of the 241-AY-101 primary shell taken after construction and 
before the tank was placed in service. The surface condition has not 
significantly changed. A similar construction photograph for the AZ tank farm 
was unavailable. 

The 241-AY & AZ video tapes listed in Table 1, were viewed by a certified 
second party examiner, through the System Structural Integrity Assessment group, 
to provide recorded, independent review observations (Attachment 4). 

Rust does exist over many areas of the tank shell surfaces; however, the 
degradation of the tanks is considered minimal. The accumulation of rust was 
generally greater at the welds and the adjacent heat affected zone than at other 
areas. The degree of rust varies from tank to tank, but more markedly between 
t he primary and secondary-shells. Without exception, the progress of rust on the 
secondary-shell exceeds the progress of rust on the primary-shell. 

In several areas on both primary and secondary-shell surfaces, condensation 
appears to have existed. Also on the secondary-shell in the haunch area there 
are several circular water lines with accompanying rust residue. It is believed 
that this rust was caused when the haunch subassemblies were inverted before 
assembly, and were allowed to collect rainwater and condensation (dew). 

Attachment 4 describes areas of corrosion, markings and blemishes that were 
observed and cannot be accounted for. None are thought to reflect significant 
degradation of the tank integrity. Some areas of the castabl e refractory 
concrete of the AZ tank farm were noted as being upset, cracked, or otherwise 
degraded. There is concrete type material debris on the 241-AY-101 and 102 tank 
annulus floors. It appears that the visible portions of the AY refractory slabs 
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There is evidence of liquid draining down the primary tank and secondary 
shells during at least two separate intervals. The evidence of the earlier 
draining is the corrosion pattern, especially on the secondary liner wall. The 
corrosion covers a large portion of the surface with some panels showing more 
corrosion residue than others and there are islands where the mill scale remains. 
Evidence of the second draining is a whitish residue which streaks down both 
shells, originating in the haunch region. This whitish residue, which generally 
overlays the rust residue or mill scale, does not appear to have initiated or 
accelerated the corrosion process. 

Attachment 3 contains photographs taken from the video tapes which depict 
conditions observed. Photograph A3-2 is a view of the castabl e refractory 
concrete showing the cracked condition in the area extending from the tank 
knuckle to the retaining ring. Photograph A3-3 shows the heavy debris on the 
annulus floor. 

During the field examination of the 241-AZ-101 tank, a nontypical 
indication was observed near the lower knuckle region (see photograph A3-4). · The 
examination engineer could not characterize the area. Therefore he decided to 
have smears taken to determine if contamination existed. Internal memorandum 
#DCP-93-004 (Attachment 5), discusses this activity. No contamination was 
detected from the two smears taken from the suspect area nor from two baseline 
areas. Tape 5 records the activities while the smears were taken. 

Additionally, a copy of the tape showing the indications was sent to 
examiners at Savannah River for review. Attachment 6 is their assessment of the 
indication . 

During the examination of the 241-AZ-101 tank through riser 17F, some of 
the 20 degree azimuth rotation viewing passes were not recorded on video tape and 
not viewed. See Attachment 4 video review record. 

The 20 degree azimuth rotation of the camera when in the near horizontal 
position and viewing the inner wall straight on, often times allows an area of 
the tank wall to be missed from viewing. 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 CONCLUSIONS 

This visual examination found no indications of primary shell leakage. 
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Further, this examination did not detect evidence of visible cracks, 
potential leak sites, or other physical impairments to the tank shells. 

The castable refractory damage in the AZ tank farm is minor. No primary 
shell tank settlement was observed. The damaged refractory does not seen to have 
any detrimental effect on the integrity of the tanks. If this condition exists 
under the primary shell bottom plate not visible by this examination, there may 
be enough debris to partially obstruct the annulus ventilation system air flow. 

The concrete type material debris on the floor of the annulus of the AY 
tanks and other observations confirm that before going into service the outer two 
foot perimeter of both 101 & 102 AY refractory slabs were replaced with 
reinforced concrete. Also, the steel retention bands for these slabs were 
replaced, see drawing H-2-35299 (Vitro 1980). 

6.2 RECOMMENDATIONS 

1. A Kodak1 color bar inside the annulus would be useful for establishing 
a more accurate color comparison. 

2. The humidity in the annulus should be maintained at 70 percent or less 
to reduce the potential for corrosion or rust. See Metals Handbook 
(1987, p.511) and Shrejr (1963, p.2.11) for the effect of atmospheric 
factors on corrosion. Precautions should be taken to keep water out 
of the annulus. 

3. A future vi sua 1 comparison examination of at 1 east these same tank 
areas should be conducted within about 10 years, or should be included 
in any other types of subsequent periodic integrity assessment 
examinations of these tanks. 

4. Long term plans should evaluate the need to perform future additional 
visual examinations through other risers. If future examinations are 
only to coincide with this examination, it is recommended that the 
examination frequency be ten years minimum. 

5. The examination engineer should keep a running log of azimuth and 
elevation during the recording process of future visual examinations. 

6. The tilt range of the camera in the very high and low extremes 
presently captures the same area of view approximately 4 times in the 
course of the examination. The ti 1t range should be reduced to 
minimize this redundancy. 

1Kodak is a registered trademark of the Eastman Kodak Company. 
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AREAS OF INTE~EST EXAMINATION VERIFICATION CHECK SHEIT 
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Photograph, Annulus, TanK 241-AY 
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ATTACHMENT 3 

Examination Photographs 

AJ-1 

WHC-SD-WM-RPT-078 
REV. 0 



A3-2 

WHC-SD-WM-RPT-078 
REV. 0 



f 

' f 

I '• I } 
~ I 

' 

A3-3 

WHC-SD-WM-RPT-078 
REV. 0 



A.3-4 

WHC-SD-WM-RPT-078 
REV. 0 



A3-5 

WHC-SD-WM-RPT-078 
REV. 0 



m -

ATTACHMENT 4 
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Video Review Record - Doubles-Shell Tank Annulus 
241-AY & AZ Tanks 
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Tape Time 

Hr Min 

09 50 

09 58 

10 09 

10 14 

10 40 

10 44 

10 59 

12 51 

13 06 

13 08 

13 13 

13 26 

13 29 

13 32 

13 44 

13 48 

9'H 3 I 'f7 .. 0313 

Page _1_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/20/93 

Tank Number: 241-AY-102-17C Inspection Date: 05/27/92 Tape Number: _1_ 

Reviewer: J. Harri~.~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Conments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

14 0 300 -79 Start: difficult liqhtinq. ooor focus 

05 -80 300 80 Sheet metal strip at haunch outer tank with string, wire or cord 
wrapping. 

17 -200 300 End 

10 0 348 -67 Start 

56 -220 348 End 

58 -4 396 -67 Start 

28 -220 396 End 

40 0 444 -70 Start 

42 -221 444 51 Rag or paper hanging on outer wall 

07 -220 444 End 

23 0 492 -77 Start 

38 ' ' -191 492 -64 Debri annul us floor on 

25 -220 492 End 

11 0 540 -76 Start; very 1 ittl e rust 

43 -220 540 End 

58 0 588 -89 Start 
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9'1·13('{7.0314 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/20/93 

Tank Number: 241-AY-102-17C Inspection Date: 05/27/92 Tape Number: 

Reviewer: J. Harris~~ (Print/Signature) 

Complementary 
Tape Time VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

Hr Min (Min-Sec) (Deg.) (in.) (Deg.) 

14 06 42 -220 588 End 

14 11 18 0 636 -12 Start; heavy debri on floor of annulus 

14 17 05 0 636 -89 End 
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Tape Time 

Hr Min 

01 23 

01 36 

01 40 

01 51 

01 56 

02 09 

02 10 

02 21 

08 56 

09 11 

09 15 

09 29 

09 33 

09 47 

09 57 

10 04 

9~ I 3 f '{'7. 0315 

Page _1_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/21/93 

Tank Number: 241-AY-102-17H Inspection Date: 05/28/92 Tape Number: _L 

Reviewer: J. Harris~~- (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

19 0 300 -50 Start 

58 -200 300 81 End 

34 0 348 -86 Start 

34 -200 348 End 

45 0 396 -78 Start 

06 -200 396 End 

59 -4 444 -74 Start 

55 -200 444 End 

13 0 492 -57 Start 

52 -200 492 End 

13 0 540 -67 Start 

13 -200 540 End 

32 0 588 -89 Start 

33 -200 588 End 

26 0 636 -9 Start; heavy debri on annulus floor, wire mesh screen protector 
surrounding wires 

37 636 End 
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Tape Time 

Hr "in 

01 34 

01 54 

02 01 

02 04 

02 16 

02 20 

02 31 

02 33 

02 44 

09 32 

09 47 

09 50 

10 03 

10 07 

10 24 

10 32 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/21/93 

Tank Number: 241-AY-101-17H Inspectfon Date: 05/29/92 Tape Number: 

Reviewer: J. Harris/~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

("in-Sec) (Deg.) (in.) (Deg.) 

04 0 300 -53 Start 

25 -179 300 36 Side view of heavy residue - inner wall 

06 300 End 

19 0 348 -74 Start 

24 -200 348 End 

26 0 396 -70 Start 

38 -200 396 End 

16 0 444 -66 Start 

52 -199 444 End 

48 0 492 -66 Start 

48 -220 492 End 

08 0 540 -61 Start 

46 -220 540 End 

02 -2 588 -89 Start; debri on floor 

57 -220 588 End 

05 -18 636 -8 Start 
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Tape Time 

Hr 
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Page_§_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/21/93 

Tank Number: 241-AY-101-17H Inspection Date: 05/29/92 Tape Number: _3_ 

Reviewer: J. Harris~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

45 -87 636 -4 Inner tank lower knuckle appears to have concrete adhering to it. 

33 -152 636 -5 Air passage way openings are partially closed ~~f by steel retainer 
ring. 

42 636 End 
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Tape Time 

Hr Min 

01 25 

01 39 

01 44 

01 53 

02 12 

02 15 

02 36 

09 21 

09 34 

09 38 

09 54 

09 56 

10 12 

10 15 

10 33 

10 38 

914131 ~}. 0318 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/23/93 

Tank Number: 241-AY-101-17C Inspection Date: 06/01/92 Tape Number: 

Reviewer: J. Harris~~- (Print/Signature) 

Complementary 
VCR Information 

Reviewer CoR111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (in.) (Deg.) 

44 0 300 -67 Start 

45 -180 300 37 Loose unprotected instrumentation wires 

13 -220 300 End 

09 0 348 -58 Start 

57 -220 348 End 

01 0 396 -50 Start 

26 -220 396 End 

54 0 444 -67 Start 

02 -220 444 End 

58 2 492 -74 Start 

16 -220 492 End 

32 0 540 -66 Start 

01 -220 540 End 

20 0 588 -89 Start 

57 -220 588 End 

26 -59 636 0 Start - debri on floor 
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Video Review Record - Double-Shell Tank Annulus 

Review Date: 07/23/93 

Tank Number: 241-AY-101-17C Inspection Date: 06/01/92 Tape Number: 

Reviewer: J. Harris~ (Print/Signature) 

Complementary 
Tape Time VCR Information 

Reviewer Convnents 
Time Azim. Depth Tilt 

Hr Min (Hin-Sec) (Deg.) (in. ) (Deg.) 

10 39 26 - 59 636 - 6 Concrete on lower knuckle region 

10 44 14 636 End 
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Tape Time 

Hr Min 

12 35 

12 59 

13 03 

13 19 

13 22 

13 39 

13 41 

14 01 

14 06 

14 22 

14 24 

14 41 

14 43 

09 26 

09 29 

09 30 

9'1' I 3 I 'i'7 .03ZD 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/04/93 

Tank Number: 241-AZ-101-17A Inspection Date: 07/23/93 Tape Number: 

Reviewer: J. Harris/~.Ald1 (Print/Signature) 

Complementary 
VCR Information 

Reviewer Corrments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (ft.) (Deg.) 

42 1 25 77 Start 

54 End 

10 1 29 85 Start 

24 -200 End 

25 0 32.9 69 Start 

42 -200 End 

47 0 36.9 74 Start 

04 200 End 

13 1 41.1 66 Start 

40 220 End 

44 0 45 70 Start 

22 220 End 

59 0 49 81 Start 

42 200 End 

39 0 53 86 Start 

28 End of tape 
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Tape Time 

Hr Min 

09 40 

09 42 

09 45 

09 52 

09 59 

10 07 
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Page _L 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/04/93 

Tank Number: 241-AZ-101-17A Inspection Date: 07/23/93 Tape Number: 1B --
Reviewer: J. Harris~~- (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (ft.) (Deg.) 

29 82 53 81 Start 

26 -60 53 -66 Air passage way is not cut in steel ring 

48 -108 53 -29 White deposits on inner wall above knuckle joint forming horizontal 
pattern 

47 -180 53 End 

30 -0 53 -4 Start 

59 End 
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Tape Time 

Hr Min 

10 49 

11 03 

12 31 

12 54 

13 00 

13 12 

13 14 

13 17 

13 27 

13 32 

13 39 

13 44 

13 45 

14 06 

14 07 

14 23 

9't I 3 I 1~-7 .0322 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/05/93 

Tank Number: 241-AZ-101-17F Inspection Date: 07/26/93 Tape Number: 

Reviewer: J. Harris~-.: (Print/Signature) 

Complementary 
VCR Information 

Reviewer Connents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (ft.) (Deg.) 

45 -1 25 -76 Start 

01 -206 25 End 

07 0 29 -72 Start 

14 -220 29 End 

27 -1 33.1 -32 Start 

55 -220 End 

44 1 37 -36 Start 

27 39 37 -21 0ebri on outer wall 

34 -220 37 End 

04 1 40.9 -36 Start 

28 Missed 140° Azim view 

10 -220 41 End 

46 0 44.9 -96 Start 

10 -220 45 End 

45 -1 49 -86 Start 

25 -220 49 End 
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Tape Time 

Hr Min 

14 26 

14 37 

14 39 

14 47 

14 49 

9'1· 13 I 11-7 .032:J 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/05/93 

Tank Number: 241-AZ-101-17F Inspection Date: 07/26/93 Tape Number: 

Reviewer: J. Harris~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Comments 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (ft.) (Deg.) 

22 -1 52.9 -87 Start 

03 -220 53 End 

54 0 54.6 7 

38 -162 54.6 -23 No slot cut in steel ring for air passage way 

41 54.6 - 17 End 
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Tape Time 

Hr Min 

09 11 

09 33 

09 37 

09 38 

09 55 

09 57 

10 14 

13 08 

13 21 

13 23 

13 27 

13 41 

13 43 

13 53 

13 53 

13 57 

9'i f 31 'f 7 .0324 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/13/93 

Tank Number: 241-AZ-102-17F Inspection Date: 07/27/93 Tape Number: 

Reviewer: J. Harris/~~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (ft.) (Deg.) 

31 1 25 -67 Start 

48 -220 27 End 

51 70 31 -86 Start (False Start) 

23 01 31 -84 Start 

01 -220 31 End 

00 1 35.1 -68 Start 

00 -220 35 End 

28 0 39 68 Start 

32 -209 39 - 67 Outer wall - residue from site on wall 

50 -220 39 End 

28 0 43 -86 Start 

49 -220 43 End 

49 -4 47 - 77 Start 

15 -140 End, -160 Azm missed 

57 -180 Start 

42 - 220 47 End 
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Tape Time 

Hr Min 

14 01 

14 06 

14 14 

14 21 

14 33 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/13/93 

Tank Number: 241-AZ-102-17F Inspection Date: 07/27/93 Tape Number: 

Reviewer: J. Harris~~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Co11111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (ft.) (Deg.) 

25 -1 51 -66 Start 

45 -80 51 -72 No cut in steel ring for air slot 

47 -220 51 End 

17 -8 54.5 -11 Start 

42 End > cracks in concrete 
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Tape Time 

Hr Min 

10 15 

10 16 

10 16 

10 27 

10 31 

10 41 

10 46 

10 56 

12 38 

12 52 

12 55 

13 06 

13 08 

13 19 

13 23 

13 39 

9'1131'{7 .. 0326 

Page _J_ 
Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/23/93 

Tank Number: 241-AZ-102-17A Inspection Date: 07/30/93 Tape Number: _L 

Reviewer: J. Harris~ (Print/Signature) 

Complementary 
VCR Information 

Reviewer Con111ents 
Time Azim. Depth Tilt 

(Min-Sec) (Deg.) (ft.) (Deg.) 

03 0 0 -82 Start 

02 -1 0 17 Outer wall - white deposit on wall, no explanation how deposit could 
be at this location 

58 25 Depth corrected to 25ft 

53 200 25 End 

04 0 29 -92 Start 

47 -200 29 End 

08 0 33 -93 Start 

58 -200 33 End 

51 1 37 -93 Start 

24 -200 37 End 

45 0 41 -77 Start 

38 -200 41 End 

41 0 45 827 Start 

52 -200 45 End 

16 1 49 82 Start 

01 -200 49 End 

;:a 2: 
!ti :::c 
<n 
• I 

V, 
oc 

I 
2: 
3 
I 

;:a 
-0 
-f 
I 

0 

" (X) 



.......... -----------~ ----- ---

S14 I 3 I 1~,7 .032? 

Video Review Record - Double-Shell Tank Annulus 

Review Date: 08/23/93 

Tank Number: 241-AZ-102-17A Inspection Date: 07/30/93 Tape Number: _!_ 

:f;: 
I ..... ...... 

Tape Time 

Hr Min 

13 41 

13 50 

13 53 

13 57 

13 58 

14 11 

VCR 

Time 
(Min-Sec) 

50 

37 

53 

27 

28 

14 

Reviewer: J. Harris~ (Print/Signature) 

Complementary 
Information 

Reviewer Comments 
Azim. Depth Tilt 
(Deg.) (ft.) (Deg.) 

-1 53 -84 Start 

-140 53 -63 No cut in steel ring for air passage way 

-200 53 End 

-1 55 -6 Start 

-22 55 0 Inner wall - lower knuckle - material adherinq to surface 

End 

Page _JL_ 

;::o X: 
(ti :I: 
<n 
• I 

V, 
oc 

I 
X: 
3: 
I 

;::o 
-c 
--t 
I 

0 ...... 
(X) 



-

ATTACHMENT 5 

Internal Memo, DCP-93-004 
Tank 101-AZ Annulus Smears 

AS-1 

WHC-SD-WM-RPT-078 
REV . 0 



WHC-SD-WM-RPT-078 
Rev. O 

Westinghouse 
Hanford Company 

Internal 
Memo 

From: System Structural Integrity Assessments 
376-6164 HS-52 

OCP-93-004 
Phone: 
Date: 
Subject: 

To: 

August 3, 1993 
TANK 101-AZ ANNULUS SMEARS 

M.A. McLaughlin 

cc: R. A. Dodd 
S. D. Godfrey 
D. J. Green 
R. S. Popielarczyk 
K. V. Scott 
J. D. Thomson 
DCP:File/LB 

HS-09 

Rl. 51 
Rl-51 
HS-53 
Rl-30 
HS-52 Z/.Ll. 
Rl-30 

No contamination was detected during a survey of two smears that 
were taken from a suspect area on the primary tank. Two 
background smears were also surveyed and no contamination was 
detected. 

The suspect area was viewed during remote visual examination on 
July 26, 1993. The examiner (myself) could not characterize the 
area. I decided to use a procedure that was included in the work 
package to smear any suspect areas. The remote camera system was 
equipped with a fiberglass rod and smear pad so the pad and the 
area being smeared were directly in front of the camera. The 
smears were taken on July 28. Solid contact was made during the 
smearing process. The smearing was recorded on a video cassette. 

/)c~~ 
D. C. Pfluger 
Senior Engineer 

dcp:emw 
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Savannah River Site Assessment 
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WESTINGHOUSE SAVANNAH RiVER COMPANY 

DON'T SAY IT - WRITE IT 

September 8, 1993 

To: 

From: 

D. C.(Dan) Pfluger 
Westinghouse Hanford Co. 
ETC 2Bldg. 
2920 George Washington Way 
Richland WA 99352 . _j_,---

W. R.(Billy) West ()Jf__1j/£KJ 
Westinghouse Savannah River Co. 
Bldg. 704-8H 
Aiken, SC 29808 

--~- WHC-SD-WM-RPT-078 
REV . 0 

EVALUATION OF 241-AZ-101-17A INSPECTION VIDEO 

Fred McNatt and myself have reviewed the inspection video you sent 
us and offer the following comments: 

• The "white stains" above and below several weld seams, while 
not an artifact common to SRS tanks, do not resemble leak 
sites in our tanks. 

• While analysis of a sample of the material is the only way to 
determine what the stains are, the smear revealing no 
detectable contamination provides strong evidence that it is 
not leaked waste. 

• During initial inspections of SRS tanks, many stains were 
smeared(using wet swipes) and sampled while establishing 
baseline conditions. Subsequent inspections are compared 
against known conditions. Changes in conditions are 
investigated and resolved. 

Please call me at (803) 557-1939 if I can be of further assistance. 

cc: M. S. Peters, 703-F 
F. G. McNatt, 704-BH 

A6-2 
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